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ABSTRACT

Nowadays there is a growing awareness of the sgnif roles of carbohydrates
involving biological interactions, especially cahydrate/lectin interactions.
Technologies for rapid monitoring and evaluatinghsunteractions are of great
importance to provide deep insights relevant tdalaydrate involving biological
events. However, most conventional approaches @argersome and material/time
consuming. Thus, there is an urgent need for festsitive, and high throughput
technologies. Glycoarrays, which consist of numsrearbohydrates with diverse
structures immobilized on solid support, have emergs the most promising and
ideal technologies for addressing this need. Thé&diNected immobilization (DDI)
glycoarray takes the advantage of the specificityDOIA/DNA hybridization to
immobilize glycoconjugates coupled with a singlesstied DNA moiety with its
complementary nucleic acids grafted on a solid etipfit has been proved to be an
efficient tool to do the investigation of carbohgté/lectin interactions. The primary
aim of the thesis is to further validate and imgrdke capability of DDI glycoarrays
for rapid, simultaneous profiling and quantitatiaealyzing interactions of various
synthetic glycoconjugates with lectins or othergéds of interest (e.g. influenza
viruses).

The immobilization of carbohydrate probes is a lssyie in the elaboration of the
glycoarrays. DDI and direct covalent grafting wemmpared onto borosilicate glass
slide. The DDI carbohydrate immobilization displdymore efficiency in comparison
with covalent grafting methods.

The studies of carbohydrate/lectin interactionse aomplicated by the low
affinities of carbohydrates towards lectins. Howetlee low affinity can be enhanced
by providing multivalency and proper spatial distition of the saccharide residues.
Herein, galactose or fucose clusters with differentitivalencies and spatial
arrangements were tested toward the binding aésvith respect to RCA120 and

PA-IL/PA-IIL lectins. Moreover, IG measurement assays were designed and carried



out on DDI glycoarray. The recognition study wasf@ened by direct fluorescence
scanning and by the determination of theylZalues, with both techniques leading to
similar results.

In order to amplify the capabilities of the DDlgbarray, miniaturized analytical
biosystems based on DDI glycoarray were fabricaltiedhis system, 40 microwells
are etched on a single microscope glass slide. Baciowell displays 64 spots of
covalently immobilized DNA single strands which oalled multiplex tests to be
performed in one single microwell (a slide can lmsidered as an array of
glycoarray). For proof of concept, the first miniazed biosystem (Mb 1, in abbr.)
was designed to investigate two lectin/glycoconjagaecific recognition models by
“in-solution” approach of DDI glycoarray. On thedmof validation of the concept of
“in-solution” approach in Mb I, a developed miniazed biosystem (Mb I, in abbr.)
was set up, which potentially allowed the mixtufeemht different glycoconjugates
or glycoconjugate/lectin complexes to be sorted eaygtured by hybridization with
the complementary DNA sequences printed at thetotif each microwell of Mb II.
Seven tetra-galactosyl glycoconjugates arrangingarnous special structures and
carrying different linkers and charges as well\as glycoconjugates bearing three
mannose or three galactose residues were testbdegipect to RCA120 and PA-IL
by two DDI strategies: “on-chip” and “in-solutiordpproaches. The results showed
that the PA-IL lectin preferred to bind to posilivecharged glycoconjugates. The
highest binding signal was observed for a tetragabkyl glycomimetic with a
flexible linker towards the two lectins (RCA120 aR4-IL) in “on-chip” approach,
while in “in-solution” approach, it was anotherrgegalactosyl glycomimetics with a
rigid linker DMCH showed the most efficient bindingoreover, it appeared that the
two lectins preferred to bind to the glycoconjugatdth Comb-like structure rather
than glycoconjugates arranged in antenna archrecilioreover, a quantitative assay
for the determination of 1§ values of five glycoconjugates was performed onlIMb
(one single slide) in parallel. The results wermparable with that observed by direct
fluorescence detection.

Finally, initial attempts were undertaken to impént the study of interactions of
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two influenza viruses HIN1/PR8 and H3N2/Moscow wgtlicoconjugates on DDI

glycoarray.



AIMS

The interactions of carbohydrates and lectins avelved in numerous crucial
physiological and pathological processes. Thanks the development of
nanotechnologies, biochips and especially the teudirate chips which have become
not only powerful platforms to map out the carbalayes involving interactions but
also efficient tools to decipher the glycocodes. dar laboratory, a kind of
carbohydrate chip, DNA Directed Immobilization (DOjlycoarray, has already set
up and applied to investigate the carbohydratédecteractions, which employed the
DNA chips as anchoring platforms for immobilizinghet carbohydrates
(glycoconjugates). Following the initial works maitkeour lab, my thesis presented
here address four main aims:

1) To further the validation of the DDI glycoarrayieféncy.

2) To optimize and to develop DNA anchoring platforfas fabrication of new

miniaturized DDI glycoarrays.

3) To study the binding efficiency of glycoconjugatesth its corresponding
model lectins (plant or bacteria lectins) in acewrcke with various parameters
(numbers and charges of carbohydrates residuesrenat linkers, different
spatial arrangements...).

4) Application of DDI glycoarrrays in discovery of nedrugs for preventing
influenza virus replication.

Chapter 1 reminds the basic notions in glycobiol@mnd gives a non exhaustive
overview on the state of art concerning the ingesibns of glycoconjugates/lectins
interactions. The current tools mostly used to mheitee the structure or elucidate the
mechanisms of interactions are described. Glycgsyas high throughput analytical
tools, are cited and their interests and limitagi@ne mentioned. In particular, new
glycoarrays based on DNA Directed ImmobilizationD{[p and the two main

strategies for using DDI glycoarrays are reported.
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Chapter 2 describes the main materials and methedd in the study of the
thesis.

Chapter 3 compares the binding affinities of glymgagates, which are
immobilized by two different methods: DDI and direovalent grafting, towards a
plant lectin RCA120.

Chapter 4 describes the study of the affinitieglifferent glycoclusters towards
two lectins (PA-IL and RCA120) respectively and thevelopment of a quantitative
method (IGo assay) performed on DDI glycoarrays.

Chapter 5 gives the last developments of high diinput miniaturized analytical
systems based on DDI glycoarrays allowing multipsalysis in one reactor and
further validates the DDI strategies.

Finally, chapter 6 applies DDI glycoarray to diseov drugs of glycoconjugates

blocking the hemagglutinine activities of influenaeus.
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1 STATE OF ART

1.1 Carbohydrates and Glycoconjugates

1.1.1 Introduction and Classification of carbohydrates

Carbohydrates, also known as saccharides (fronGtleek sakcharon, are the
most abundant class of natural biological compouodad in organisms. Although
carbohydrates can be viewed as hydrates of camording to their general formula
of Cn (H20) ,, they are more specifically defined as polyhydradgehydes or
ketones and their derivatives.

There are many different classification schemescésbohydrates. Based on the
number of carbons present, carbohydrates can lgedivnto triose, tetrose, pentose,
hexose, and so on. If considering the functionaligs, four types can be classified:
aldoses (contain the aldehyde group), ketoses quoitiie ketone group), reducing
carbohydrates (contain a hemiacetal or hemiketadugr and non-reducing
carbohydrates (contain no hemiacetal groups). Hewdhe most common scheme
classified carbohydrates into four major categoresording to the number of
monomers (single carbohydrate units) as follows:

1) Monosaccharidgsformed by a single monomeric molecule, are thaphkst
carbohydrates. Unmodified monosaccharide usually aageneral chemical
formula (CeH0),, and for example, the galactose and mannose h&veame
formula GH1,0s. However, there are some exceptions that do ndbom to the
general formula, such as the fucose (a deoxy-sughidh has a formula of
CeH1205 (see Figl-1)1). Five- and six-member rings of monosaccharides ar
most commonly formed for chemical stabiliMonosaccharides have D or L

configuration which is determined by the configiwatof the stereogenic center
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furthest from the carbonyl group, and the configoraof a monosaccharide can
be represented in Fischer or Haworth projectionswéver, for depicting
pyranoses, the more structurally accurate chamesgmtations are preferred (see
Figl-2) @). All monosaccharides contain at least one asymaoaét(chiral)

carbon and normally are optically active.

CH,OH
0]
H H
H
HO OH HO OH
H H OH H
Galactose Mannose Fucose

Figl-1 Structures of galactose, mannose and fucose. Referred to

http://www.ionsource.com/Card/clipart/carboclip.htm

'CHO
H-2G - OH
HO=C—H
H-C-OH
H=C-OH

ﬁClngOH

Fischer Haworth Chair

Figl-2 Three representations of monosaccharide commation: Fischer projection, Haworth

projection and chairprojection(2).

2) Disaccharidesconsist of two monosaccharide units linked togeliyea covalent
bond. For instance, lactose, known as milk sugaformed by galactose and

glucose.

13



CHQOHO o} ¥ H
Ho /]
AN g
H OH
Lactose

Fig1-3 Structures of lactose which is consistedgaflactose and glucose residues. Adapted from

http://sci-toys.com/ingredients/lactose.html

3) Oligosaccharidegontain 3-10 monosaccharide residues that joineglympsidic
linkages and release 3-10 monosaccharides whermllggdd. Oligosaccharides
are often found as a component of glycoproteirgyarolipids.

4) Polysaccharidesare formed by more than 10 monosaccharides linkgd
glycosidic bonds. When they are composed by theedand of monosaccharides,
they are called homopolysaccharides, like starlsitogen and cellulose (each of
them are formed by hundreds of molecules of gludodeed by glycosidic
linkages). If the polysaccharides molecules arméat by different kinds of
monosaccharides, they are named heteropolysacebaedy. hyaluronic acid.

Unlike nucleic acids and proteins, the building di® (monosaccharides) of

carbohydrates have multiple points of attachmesagling to not only linear but also

highly branched structures. The structural compyesan be further increased by the
possibility ofo andp isomers at the anomeric centre which is a sterdoezereated
from the intramolecular formation of a ketal (oretad) of a carbohydrate hydroxyl
group and a ketone (or aldehyde) group. AccordimgLain et al, all possible
structures of a hexasaccharide were found to b85>%.13? (3). The number of

currently known natural N-linked glycans were rdépdr more than 20004) .

Therefore the structures of carbohydrates are diifgiye complex and diverse, which

brings a great deal of obstacles for investigatiboarbohydrates involving biological

events.
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1.1.2 Introduction and Classification of Glycoconjugates

Glycoconjugates are very significant compoundsiotogy and often found on
the outside of cell membranes. They are importaminblecules, which consist of
carbohydrates of varying size and complexity, &gtacto a non-sugar moiety as lipid
or protein, so-called glycolipids, or glycoproteisee Figl-4).

For the glycoproteins, there are two types of giytation: 1) In N-glycosylation,
the sugar chains can be added to the amide nitrogethe side chain of the
asparagine. 2) In O-glycosylation, the sugar chaims be added to the hydroxyl

oxygen on the side chain of hydroxyproline, threenihydroxylysine, or serine.

Glycoprotein
Glycolipid %f — Carbohydrates

0 — Protein

Figl-4 Mimetic diagram of glycolipid and glycoprateon cell surface.

1.1.3 Biological roles of carbohydrates and glycoconjugat

Carbohydrates and glycoconjugates are well knowpldag crucial roles during
various biological processes. Besides the barpeective stabilizing and energy
storing roles, they also participate in cell commation and adhesion, cell
development and differentiation, immune responsglgmmation, tumor metastasis,
bacterial adhesion and viral infections, etc.. kvaas already made a comprehensive
and all-embracing summary of the main roles of caydrates and glycoconjugates,
which can be broadly classified into two groups5):

One group concerns the roles induced by the stalcimd modulatory properties.
For instance, the glycocalyx and the polysacdearcoats can provide

15



compacted physical barrier for eukaryotic celld prokaryotes respectively; glycans
are also very important for the synthesis of popgjgkes and the maintenance of
protein solubility and conformation; the attachein&glycans with matrix molecules

plays an important role in maintaining the struetuporosity, and integrity of the

tissues; some of the glycan part of glycoproteias protect the polypeptidic part
from recognition by proteases or antibodies; glytaison of a polypeptide can also
mediate switching effect and “tuning” function. Fetample, the biological activity of

haematopoietic growth factor will change with tregyee of glycosilationg( 7).

The other group concerns the role of specific ragamns (especially
glycan-protein interaction) role®)( It has already proved that glycans were specific
ligands for cell-cell recognition and cell-matrintéraction. For example, the
interaction of glycans with some selectin can med@itical interactions between
blood cells and vascular cell8)( Glycans are also specific ligands for cell-mibo
interaction. One of the best characteristic exampée hemmagglutinin/sialic acid
interaction which involve in the process of inflaanvirus entering into the host cell
(9-13.

However, due to the enormous diversity of glycansniature, the precise

functions of lots of glycans are not yet uncovered.

1.2 Lectins

1.2.1 Introduction and classification of lectins

Lectins are one of the groups of glycan-bindingtgires (GBPs), which can
non-covalently bind to carbohydrates with high $ji@ty. They are neither enzymes
which have catalytic activity nor antibodies prodddy immune respongé4, 15)
Lectins are also referred to as hemagglutininphgtoagglutinins, because they were

originally found in plants and can cause cell aggation 3, 19.
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Lectins can be obtained from almost all living ongans: microorganisms
(viruses and bacteria), plants and anin{a® 15-18) and they were initially studied
in plants and invertebrates, then in vertebrél8s21)

The study of the molecular properties especialgygtiucture of a biomolecule is
one of the prerequisites for deep understandints @ctivities at the molecular level.
For the lectins, it had taken a long time, moranthaentury, to get the elucidation of
structures since their first discovery was if"18he first pure lectin concanavalin A
(ConA) was isolated in 1919 by Sumn2g), Until 1972, concanavalin A (ConA) was
the first lectin whose primary sequence and 3Destines were established by
Edelmanet al (23). After that, lots of scientists were involvedarthis research area
(24-39. As the processes of isolation and purificatioin lectins were usually
time-consuming and low-yield37), the occurrence of recombinant and artificial
lectins appears as an appropriate substitutionr Birece the recombinant lectin
technology was first reported by Nagahataal in 1992 (38), plenty of artificial
lectins with new and variable carbohydrate spetiie have emerge(39-45) To
date, about 200 lectins have established 3D ste£ifi3) and almost the structure of
100 lectin/ligand complex have been elucidaig).(So far, the number of identified
lectins is estimated to be approximately 1@80), of which about 10 percent (~100)
are commercially availabld 7).

Normally, most lectins were found to be naturallyltiwalent, containing two or
more carbohydrate-binding sites. Some highly caregkiamino acid residues which
provide the framework required for binding were cdigered in the
carbohydrate-binding sitel%, 48, 49. The specificity of carbohydrate-binding,
however, is predicted to arise from a variability amino acids within the other
regions of carbohydrate-binding sitd5). The carbohydrate-binding site mostly
exhibits in the form of shallow depressions onghdace of the lectin. Carbohydrates
interact with lectins commonly through hydrogen @®nmetal coordination, van der
Waals forces and hydrophobic interactio(®0). Therefore, carbohydrate—lectin
interactions are quite weak in comparison with ottegbohydrate-protein interactions.
The interaction affinity between lectin and mona$ecide is very low, usually in the
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millimolar range $1-56. However, the weak binding of monosaccharides loan

enhanced and compensated by multiple and simuli@némding of many sugar

residues 7). This affinity enhancement due to multivalentenaictions, which is

much larger than the effect of the increased cdamaton, is known as “cluster

glycoside effect” $4-59.

There are several different classification schefoethe lectins:

Depending on the source/origin, lectins can bedéidiinto three groupsl4,
15): a) from animals; b) from plants; ¢) from micrganisms.

According to the monosaccharide ligand towards tiiey exhibit the highest
affinity, lectins can be classified into five graui4):

a) mannose-specific lectins, b) galactose/N-acalstijosamine-specific
lectins, ¢) Nacetylglucosamine-specific lectinsfuose-specific lectins and e)
N-acetylneuraminic acid-specific lectins.

Based on structural features, lectins can be tiedsnto three typesid, 15: a)
simple lectins, which consist of a small numbersabunits and contain an
additional domain besides the carbohydrate-bindsitg(s); b) mosaic (or
multidomain) lectins, which are composite molecutesde of several kinds of
protein domains, and only one of which possessemt@hydrate-binding site;
c) macromolecular assemblies lectins, which aranf@ntous organelles
consisting of helically arranged subunits (pilirssembled in a well-defined
order, and usually exist in bacteria.

According to the nature of the specific recognitafrcarbohydrates by cognate
receptors, two general categories can be distihgdisB7, 58: a) self
recognition involving lectin as receptors withiretekame organism; b) non-self
recognition, in which the receptors are mainly tnp, microbial or parasitic
origin (hemagglutinins, adhesins, toxins, etc.).

According to structural and/or evolutionary sequesamilarities, the lectins
can be classified into several grou@s 66, 59, 60 1) B-prism lectins; 2)
C-type lectins; 3) eel fucolectins; 4) ficolins4fihogen/collagen-domain-
containing lectins; 5) garlic and snowdrop lectiansd related proteins; 6)
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galectins; 7) hyaluronan-binding proteins or hyhkxths; 8)I-type lectins; 9)

amoeba lectins; 10) L-type lectins; 11) M-type ilest 12) N-type lectin; 13)

P-type lectins; 14) R-type lectins; 15) tachylestifrom horseshoe crab

Tachypleus tridentatus;

lectins/eglectins.

16) haevin-domain lectirfsf) Xenopus egg

Thanks the large number of investigations, the ingm biological roles acted by

lectins has been exhibited as reported on Table 1-1

Microorganisms

Function of lectins

Amoeba
Bacteria (e.g. PA-IL, PA-IIL)

Influenza virus (e.g. HA)

Infection

Infection

Infection

Plants

Function of lectins

Various Plants (e.g. RCA120)

Legumes (e.g. Concanavalin A)

Defense

Symbiosis with nitrefiging bacteria

Lectins from Animals

Function of lectins

P-type lectins, ERGIC-53, VIP-36

Calnexin, calreticulin

Asialoglycoprotein receptors,

macrophage mannose receptor

Galectins, sarcolectin, cytokines

Geodia cydoniungalectin, other galectins,

Intracellular routing of glycoconjugates

Molecular chaperones during glycoprotein synthesis

Mediation of endocytosis

Cellular growth regulation

Extracellular molecular bridging

19



interleukin-2

Selectins, CD22, CD31, CD44 Cell—cell interactions for homing and trafficking
Galectins, heparin- and hyaluronic acid binding Cell-matrix interactions
lectins
Galectin-9 Scavenging of cellular debris; anti-inflammatoryiac
E- and P-selectins Leukocyte trafficking to sites of inflammation
Man-6-P Targeting of lysosomal enzymes
Siglecs Cell-cell interactions in the immune and neural eyst
Spermadhesin Sperm-egg interaction
Collectins Innate immunity
Dectin-1 Innate immunity
c

Tablel-1 Examples of the functions of lectins in@rdance with the origin of microorganisms

(a), Plants (b) and Animals (c) (61, 62)

1.2.2 Concanavalin A

Concanavalin A (Con A), extracted from jack be&arfavalia ensiformisby
Sumner in 1919, is the first pure lecti@2). The structure of the protein was
determined in the early 197063(65. Native Con A exhibits dimmer-tetramer
equilibrium in aqueous solution, and exists asrmaediaround pH 566-69. Each
monomer of Con A consists of 237 amino acids @8500) and possesses one
carbohydrate-binding site as well as a transitiatation site (S1) (typically M)
and a C4' site (S2) 69). They specifically bind with moderate affinity {K.20-500

HM) to thea anomers of D-mannose and D-glucose. Thereforgosdiccharides
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which containing these sugars will bind Con A wiilgh affinity as a result of
multivalent interactions7().

The easy preparation of Con A and the large nurabsaccharides with which
Con A can interact, have led to numerous studie€am A (L5). The applications of
Con A include probing normal and tumor cell membratructures and dynamics,
studying glycosylation mutants of transformed cellad yielding preparations of
polysaccharides, glycopeptides and glycoproteiomfCon A affinity columns etc.
(66). Con A is also a lymphocyte mitogen which willduce proliferation of T
lymphocytes. It induces mitogenicity by binding wpecific receptors on T
lymphocytes 71). Con A can also be used as neutralizing antiiodghibit the HIV
virus in in-vitro models of viral infectivity42). In addition, Con A has been reported

to perform as a stimulator of several matrix mefaibteinases (MMPsY8, 79.

1.2.3 PA-IL and PA-IIL

Pseudomonas aeruginosa a gram negative bacterium and an opportunistic
pathogen 15, 79 responsible for the main morbidity and mortalitycystic fibrosis
patients. PA-IL and PA-IIL (also referred to as Aeand LecB) are two main lectins
that were extracted frorRseudomonas aeruginastn 1972 Gilboa-Garberat al
discovered and purified the lectin PA-IL by affynichromatography 7(7, 79 .
However, until 1982 the lectin PA-IIL was first extted from the same bacterium
cultured in a medium of different compositiof).

In the review 80) about the structures and specificity of the hestifrom
Pseudomonas aeruginosa, Imbeedly al have comprehensively summarized the
properties of the two lectins. Herein some of thairmcharacters were listed in
Table1-2. PA-IL and PA-IIL are all Gadependent lectins consisted of four subunits
(see Tablel-2 and Figl-3). PA-IL is a galactoseifipdectin, however, its affinity for
D-galactose is only in medium range, with, Kassociation constant) of 3.4X10

M obtained from an equilibrium dialysis stud§l). PA-IIL has a high affinity for
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L-fucose with K, of 1.6x16 M™ (80) .

The two lectins are primary virulence factors agtbtoxins of thePseudomonas
aeruginosa They are also broad-spectrum agglutinins, whigh cause bacteria to
adhere to host cell leading to the respiratoryhetitdl damage durin@seudomonas
aeruginosarespiratory infections8@) and changing the epithelial barrier function of

the intestinal tracg3) and so on.

Main Characters PA-IL PA-IIL
Number of amino acids (without initiation
121 114
Met)
Molecular mass (Da) 12,753 11,732
PI(Isoelectric point) 4.94 3.88
Oligomeric state Tetrameric Tetrameric

Cations observed in crystal structures 1 C&" , Mg®® 2C&" , Mg* and z&"

L-Fucose

Monosaccharide in the binding site D-Galactose
D-Mannose

Tablel-2 Comparison of the main properties PA-IL @PA-IIL, adapted from (80)

1.2.4 RCA120

RCA120 (Ricinus communis agglutinin 120), also@@lRCAI or ricin agglutinin,
is an R-type lectin isolated from the seeds of thenmon castor beaRicinus
communis(84-88. It is a tetrameric hemagglutinin with a moleculaeight of
120,000 Da composed of two types of subunit: ArchdMr = 29,500) and B chains
(Mr = 37,000), linked by a single disulfide brid($4, 86, 88) The A chain was found
to be able to inhibit protein synthesis in eukaigatells 89); the B chain can
specifically bind top-D-galactosides86). The structure of the RCA120 molecule is
represented as B-A-A-Bg§, 90 (see Figl-5).Therefore, RCA120 is regarded as a
bivalent lectin, which has the potential of binditwgp galactose residues at the same
time 91). The pl (Isoelectric poin) of RCA120 is about-7.3 ©2).

The lectin RCA120 has been considered to be atlersml for the detection of
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galactose-containing oligosaccharid@8)( Since 1980 RCA120 has already been
used to study the glycoconjugates of nervous sys(@d. D’Agata and his
co-workers have studied the recognition between ERXDAand a new mimic
bioconjugate with Surface Plasmon Resonance img@ib)g RCA120 lectin can also
be used as affinity adsorbent to selectively sdparthe glycoproteins and
oligosaccharide9g). Recently this lectin was applied to the studyemfognition with

glycoconjugates on carbohydrate microari@g-99.

B chains A chains

Figl-5 Structure of the RCA120, the read chains repent A chains, the green chains represent
B chains. Adapted from (90).

1.3 Traditional study methods

In this section, the main characterization techesgqjused for examining the
glycan-protein interactions are described. They lbarbroadly classified into three
categories: 1) biophysical methods, for example &-Krystallography and NMR
spectroscopy; 2) kinetic and near-equilibrium mdghsuch as Isothermal Titration
Calorimetry (ITC); 3) nonequilibrium methods suchs aEnzyme-Linked

Immunosorbent Assay (ELISA)).

1.3.1 X-Ray Crystallography

X-Ray Crystallography is a technique that allows telucidation of the
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three-dimensional structure of biomolecules at atdevel resolution. This is
achieved by first crystallizing the purified bioreolle into ordered arrays and then
using X-ray diffraction to analyze the crystalsra§/ss are used because they have the
same wavelength as the atomic separations so tsakracts as a molecular
diffraction grating to diffract a beam of X-rays;opucing a diffraction pattern that
can be captured and analyzed. A computer is thed ts reconstruct the original
structure. X-Ray Crystallography has been succlgsfmployed to determine the
structures of proteinsl00-103, DNA (103-109, or other biomolecules. In addition,
protein-ligand complexesl(6-10§ can also be determined using monochromatic

X-ray diffraction techniques via kinetic trappingpaoaches

1.3.2 NMR Spectroscopy

Nuclear magnetic resonance is a phenomenon whictr®evhen the nuclei of
certain atoms are immersed in a static magnetid fed exposed to a second
oscillating magnetic field. Nuclear magnetic resm®a spectroscopy uses the NMR
phenomenon to study physical, chemical, and biokgoroperties of matter. NMR
spectroscopy was highly useful for the determimatiof carbohydrate and
glycoconjugate sequences, conformations and dysahi®). For example, in 1991
Michalski et al. analyzed the urinary fucosyl glgsparagines in fucosidosis using
400 MHz 1H-NMR spectroscopy10).

In NMR, the distances between the protons of a ouidecan be obtained
according to the assignment of the proton resorsamge using multidimensional
methods (e.g. determining the nuclear Overhaugectgf On the combination of the
computational tools, the conformation of free-s@lieans in solution can be imitated.
There are three main methods NOESY (NOE spectrg3ctfNOESY (transferred
rotating-frame Overhauser effect spectroscopy) aR$QC (heteronuclear
single-quantum correlation) that can be employedortafile the conformation of

bound glycans (2). Detailed insight into the bindievent also can be obtained by
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nuclear magnetic resonance (NMR) experiments. Anguid his coworkers1{l)

have demonstrated the power of a combined tramd@d/STD NMR approach for
the analysis of carbohydrate—protein complexes.spite of great informations
achieved, NMR is limited by the degree to which Bmigcans structurally mimic the

larger glycan—binding macromolecule (2).

1.3.3 Isothermal Titration Calorimetry (ITC)

ITC is a thermodynamic technique that directly niees the heat released or
absorbed during a biomolecular binding event IT@ daectly and simultaneously
measure the binding constants (Ka), binding storoleitry (n), enthalpy changesH),
and entropy AS) between two or more molecules in solution. Tleeeg ITC can
provide a complete thermodynamic profile of therattion in one experiment.

In a typical ITC experimentl(2), a solution of a one biomolecule (“ligand” such
as a carbohydrate, protein, DNA molecule, etcitiated into a solution of its binding
partner. The heat released upon their interactidf) (is monitored over time. As
successive amounts of the ligand are titrated tinéoITC cell, the quantity of heat
absorbed or released is in direct proportion toatm®unt of binding. As the system
reaches saturation, the heat signal diminishe$ amli heats of dilution are observed.
A binding curve is then obtained from a plot of theats from each injection against
the ratio of ligand and binding partner in the c&he binding curve is analyzed with
the appropriate binding model to determine Ka, ch/siA.

ITC has a broad application, including protein-pnot(112, 113, protein-DNA,
protein-lipid target-drug, enzyme-inhibitor, anttdyeantigen, and lectin-carbohydrate
(114-116, etc. ITC is one of the strictest methods fored®ining the equilibrium
binding constant between a glycan and a GBF{11§. During the glycan-protein
binding process, the glycan of interest is addeti wicrements of concentration into
a solution containing a fixed concentration of GBRen the heat is either generated

or absorbed, so that the change of heat capacitynding is determined. According
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to the data obtained, the Kd, the enthalpy of reactH and the binding entrop&S
can be determined. Therefore, it can provide a t¢etephermodynamic profile of the
glycan-protein interaction in one experiment.

Nevertheless, this technology requires large gtyamti materials (glycan and

protein) to use a wide range of different glycajs (

1.3.4 Surface Plasmon Resonance (SPR)

The SPR-based biosensors were first demonstrated.iégberg et al. for
monitoring biomolecular interaction in 19831f). SPR is an optical method that
measures the change in refractive index near assngace 118). In order to detect
an interaction, firstly, one partner ligand needbt® immobilised onto the sensor
surface, and then its binding partner (analytejected in aqueous solution through
the flow cell, also under continuous flow. As thealyte binds to the ligand, the
refractive index increases. This change in refvacindex is measured as response in
resonance units (RUs) versus time (a sensorgrab®). (The SPR method has been
frequently used to measure carbohydrate-lectimsantions {19-12), for instance, it
can be applied to analyze the structure of oligosaicde (22), determine the
lectin/carbohydrate specificityl23, 124 and screen lectin sourcek2f), as well as
analyze mutant proteins and prognosticate canseadel26, 127.

SPR allows to follow the interaction of label-frie®molecules and to determine
the kinetic and thermodynamic parameters of theti@a “in real time” (28).
Therefore the information about the association dissociation kinetics of the
binding as well as the overall Ka and Kd can baeadd. The detection limit of SPR
is from millimolar to picomolar, and the conceniwat range of analyte is 0.1-100
xKd (normal volume, 50-150I) (2). In addition, SPR has recently been exterided
be an efficient tool to perform high-throughput lgsas of biomolecular binding
events {29.

Despite the advantages just mentioned, this teolggadlso has some drawbacks,
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such as the measure is often limited by the masthefanalytes; the detection
sensibility of SPR is lower than fluorescence d#acwhich has a detection limit of
fM (130-133; sometimes mass transport considerations mayt riesinaccurate Kd

measurement.

1.3.5 Enzyme-Linked Immunosorbent Assay (ELISA)

Enzyme-Linked Immunosorbent Assay (ELISA) emergedl1960s, and first
reported by Engvall and Perimann in 19133) The main procedures of a traditional
ELISA are as follows: firstly, fix an unknown amdusf antigen (or antibody) to the
surface of a solid support; secondly, a specifitbady (or antigen) linked with an
enzyme is added to bind to the fixed antigen (dibady); finally, the enzyme is
permitted to react with its substance and thengtemntitative determination can be
obtained according to the substance. There ange tumber of categories of ELISA,
while the most commonly used are three types: dxtmdwich ELISA, 2) the indirect
ELISA, and 3) the competitive ELISA34).

Currently, the traditional ELISA has been adaptednvestigate glycans and
glycan-binding proteins (GBPs) in various ways. i€gly, GBP of interest is
immobilized and the binding of glycans to the prois measured, or the reagents are
reversed ). ELISA has proven to be one of the efficient toolsikble to probe
recognition processes of the protein/glycoconjugiétgycoprotein or glycolipid) and
the glycoprotein/glycolipid interactiond35). Alban and coworkers have developed
an ELISA assay coating with sulfated polysaccharitie screen protein/sulfated
carbohydrates recognitiod36). Gull et al reported quantification of WGA (wheat
germ) in serum in an application for lectin-mediatdrug delivery by sandwich
ELISA method {37). Afrough and colleagues realized systematic ogation of
ELISA method by the investigation of interactions21 biotinylated plant lectins
with a glycoprotein 138). In addition, ELISA methods utilizing immobilizddctins
were also developed for detection of the glycopnotef HIV and SIV (39.
Furthermore, the competition ELISA-type assays haeen used to study the
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carbohydrate-protein interaction. In this approacmpetitive glycans are added and
their competition for the GBP is measured by deieimg 1Csg (2)

The advantages of this approach are the abilitpadorm a high-throughput
assay by automated handling, to provide relativeakd to define the relatively
binding activity of a panel of glycans. The majaadivantages are that it was highly

material-consuming and usually need chemical meatifon of glycans and proteins

).
1.3.6 Enzyme-Linked Lectin Assay (ELLA)

Enzyme-Linked Lectin Assay is a method founded omdification of
enzyme-linked immunosorbent (ELISA). This methodswatially based on binding
the lectin followed by binding an anti-lectin arddy (140)

Normally, the approach of ELLA is based on bindimg lectins to
glycoconjugates immobilized on a microtiter platdter the immobilization, the
bound lectins are detected with labelled avidial-143) ELLA has a huge number
of applications. It can be used for quantitativaedmination of lectin receptors
(144-147) investigation of carbohydrate-lectin interactiqigl8, 149) detection of

disease-related alterations of glycoconjugates leithns(150-152) and so on.

1.4 Glycoarrays

1.4.1 Introduction

As mentioned above, the well-established tradilionethods (e.g. ELISA, ITC,
X-Ray Crystallography) mentioned above have beeed ufr investigation of
carbohydrate-protein interactions, most of them raghly time/material-consuming
or labor intensive and not suitable for high-thropgt analysis.

Glycoarrays, also referred to as carbohydrate syrajonsist of various

carbohydrates immobilized on the surface of a stpwoa special array manner,
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which mimic the natural presentation on cell sugfésee Figl-6). Glycoarrays have
become a powerful platform which enable to fast asithultaneous profile
interactions involving carbohydrates in a high-tlgbput and high-sensitivity
approach using only minute materials8-156. The significant progress made in
the past several years has brought glycoarraysetstudy forefront of carbohydrate

involving biological process.

Carbohydrates/Glycans

Platform

Fig1-6 Sketch map of Carbohydrates microarray.

In general, glycoarray fabrication and detectiariudes three main steps:

Glycans preparation (to obtain the probe)

The first step of glycoarray fabrication is to abtavailable probes (glycans).
There are two primary approaches: one is isoldtiom nature sources; the other is
chemical or enzymatic synthesi§5f7, 158. The glycans acquired from isolation
approach is usually limited, low-yield and not easypurify (159. The synthetic
approach obviously has potential to complement téichiavailability of glycans
isolated from natural sourced5/, 158§. However, current carbohydrate synthesis
methods are always time-consuming, labor intengime mostly carried out in
specialized laboratoried%7). The development of a fully automated oligosadclea
synthesis is still a great challenge due to thesraht complexity of carbohydrates

(157). In addition, the glycans obtained either fromtun@ sources or synthesis
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approach, sometimes, may required further modiboat for the subsequent glycan
immobilization and for detection (e.g. fluoresceratzeling).

Glycan immobilization on the support

Glycan efficiently immobilized on the surface oktlupport is a prerequisite for
the successful preparation of glycoarral8Qj. Therefore, the surface immobilization
of oligosaccharides is a one of crucial steps gEagrray fabrication. In order to set
up an efficient glycoarray, many important facteh®uld be taken into accour@&9(
161): the space between saccharides; the distancetfresaccharide to the surface of
the substrate; the orientation and spatial streatdithe saccharide towards its target,
etc. Plenty of immobilization strategies have bperformed on diverse supports (see
1.4.2).

Binding detection

For the binding detection on glycoarrays, threeho@$ are most commonly used.
They are 1) Fluorescence detection, 2) Surfacamaasresonance (SPR) detection
and 3) Coupling of glycoarrays with mass spectrom@tlS).

Fluorescence detection is much more popular cordpaith other two methods.
It has a high sensitivity and can perform semi ¢tetive measurement.
Fluorophore-labelled proteins and glycans have bhadely used. However, protein
labeling often results in protein denaturation anthybe interference with
carbohydrate ligand binding. Kawahagtial. have developed a method to prevent
denaturation of proteins by incorporating a fludroge-puromycin conjugate into
proteins at the C-terminug2).

Surface Plasmon Resonance (SPR) can also be applgdgicoarrays detection
(163-165. SPR enables reading an array format in real,tpnaviding both kinetic
and affinity constants of interactiond66-16§. Its high sensitivity allows the
detection of low-affinity binding. For instance, BRletection was successfully used
for the recognition study of glycans by multipleapi lectins 167). SPR imaging
(SPRI) studies have been applied to the deterromatf carbohydrate-lectin
interactions 169, 170. However, as mentioned before, SPR has lesstséysthan
the fluorescence detection method. Although glylsased biosensors have been
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reported {71, 172, to our knowledge no electrochemical methods vapaied to the

detection of glycoarray.

Mass spectrometry (MS) not only can be used forragdtarization and

sequencing of carbohydrate and glycoconjugat@&8-17§ but also for detecting the
modification of carbohydrates on glycan microarrélys/7). Coupling of glycan arrays
with mass spectrometryl18), tremendously enhances abilities in the discowdry
new glycan-binding ligands. In addition, MALDI-TO®S technology is also

considered to be one of promising ways for glyaadetection179).

1.4.2 Classification of glycoarray

Based on the structural characteristics of the alaythrates displayed on chips,
carbohydrate microarrays can be classified inteehtypes 158, 180: 1)
monosaccharide chipsl1%4), 2) oligosaccharide chips1%5, 18), and 3)
microarrays of carbohydrate-containing macromokesul53), which include
polysaccharides and various glycoconjugates .
Various types of supports substrate can be usedddyohydrate microarrays
depending among others on the type of transduaesedtion) {57, 158:
Nitrocellulose membrane chipdg5, microtiter plate 177), modified black
polystyrene slide, glass slid@9), plastic chips182) and gold surface slidd%4,
183), or chips based on beads in fibre-optic well4, etc.
Considering the immobilization strategies for cdmymrates on a solid surface,
general categories of carbohydrate microarrayseadistinguishedl60):
1) Noncovalent adsorption (Physisorption).

Noncovalent adsorption is a relatively simple immhpation method
because of no need of modified surface and che#idatechniques, however it
usually requires materials large enough to proviglet adsorption 160). There

are two subtypes, one is nonspecific and noncovadsorptions on the solid
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surface, e.g. Wanet al fabricated a microbial polysaccharides chip orsglslide
by nonspecific physical adsorptionl53). The other is site-specific but
noncovalent immobilization of chemically conjugatearbohydrates, e.g. Fukui
and his co-workers immobilized neoglycolipids oni&ocellulose and obtained
efficient immobilization via this approach¥5).

2) Covalent grafting.

The covalent immobilization is broad-spectrum mdtlamd more suitable
than the noncovalent approad8%). This approach also can be divided into two
subgroups: One is covalent immobilization of cheityc unmodified
carbohydrates or glycoconjugates on the modifiedasa (68, 186-188 the
most common method consists in using the reducntyad the saccharides as
anchoring point, which often results in the openrighe reducing end ring and
influence the whole structure of the glycoconjugdi®6). The other is covalent
immobilization of chemically conjugated carbohyeésabr glycoconjugates on the
modified surface 185. This strategy has been far more documented én th
literature. Lots of reactions were employed fobcduydrate immobilization, such
as through photochemistryt&9-193, reaction of amines with activated esters
(194), aldehydes 195 or epoxy-modified substrate496), reaction between a
cyanuric chloride and an aminophenyl grotp4), reaction of thiols with double
bonds 198-200, or thiol-derivatised surface2l), cycloaddition reactionlb4,
202), Staudinger ligation203).

3) Specific biological based interactions

In this approach, carbohydrate can be immobilizetirough
biotin/streptavidin interaction204, 209, or by DNA-directed immobilization
(DDI) through DNA/DNA hybridization 97-99, 206 has been reported.hat
implies that specific biological tag (biotin or gle strand DNA) was previously
coupling with carbohydrate whereas the surfacemyavas (bio) functionalized

with streptavidin or complementary single strandAdspectively.
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1.4.3 Application and limitation of glycoarray

As the most promising and advanced technology, ogiyrays have become
powerful tools not only for basic biological researbut also for medical diagnosis.
Glycoarrays have very broad applications:
¢+ Carbohydrate microarrays can be utilized to deteenthe binding profile of

glycan-binding proteins and identify novel carbotatd-binding proteinsig,

200, 207;

+ They can be used to characterize carbohydratentethctions, such as detection
the bacteria in bloo@(Q8), typing of the influenza straind?), and study of the
interactions between carbohydrates and eukaryelis €09);

¢+ They may provide high-throughput screening of irtbiis that will disrupt the
carbohydrates-protein interactions for drug discpy202);

¢+ They can be applied to assay the activity of theyeres (61);
¢+ And they also can be exploited to profile of canmhiate-antibody interactions

and to detect of specific carbohydrate-binding kdies for the diagnosis of

diseasesl53, 210).

Currently, although glycoarray technologies haveydascale applications and
have attracted more and more scientists involvng ihe glycoarray research fields,
this technology is still in its development and igation phase. Assortments of
sophisticated platforms of glycoarray have beewneg, no one yet dominatekr).
Many limitations and challenges still remain. HRystthe available sources of
carbohydrates for fabrication of glycoarray haverbéar from exploited160, 21).
The development of new isolation and purificatioathod (isolate carbohydrates or
glycoconjugates from nature sources) and the estabént of new synthetic
strategies are two crucial approaches to circumtrenobstacle. Moreover libraries of
carbohydrates, antigens, antibodies, enzymes aithdeshould be established to
make these materials available to carbohydrate arelsers 180). Secondly,

glycoarray should be improved for detecting prateaith weak binding affinities (e.g.
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lectins)(160),the presenting methods of carbohydrates (carbalghrinting) on the
support, thereby, need to be developed and opttmikkirdly, a useful glycoarray
also requires an efficient detection method, tleeethe improvement of detection
technologies is also very importa#60) Finally, concerning the determination of
glycoarray information, different labs usually uifferent formats and standards. As
a consequence, direct comparisons between platfaras largely lacking and
therefore glycan arrays still serve primarily asqaalitative tool. That is why
standardized informations and results are strodgbired to facilitate meta-analyses

(179, 21).

1.5 Glycomimetics

Despite the increased awareness of the crucialtibmof carbohydrates, the
investigation of biological events involving carlydnates is extremely difficult and
formidable. This is mainly ascribed to the unigtreictural complexity and diversity
of carbohydrates mentioned before. The intrins@rabter of carbohydrate structures
render the isolation of pure, structurally defingigcan compounds from natural
sources hard and cumbersome. In addition, the g$ycannot be cloned, and they are
production of the intricate biosynthetic action ratiltiple glycosyltransferases and
many other modifying enzymes. Synthetic methodsretby, provide a great
alternative allowing for the preparation of syntbetoligosaccharides or
glycoconjugates. As mentioned before the frequemtdhing and linkage diversity of
carbohydrates result in greater structural compjexi comparing with nucleic acids
and proteins. Due to the incredible complex stngstwof oligosaccharides, it is very
hard to synthesize compound with structure and tioms identical to glycans
obtained form nature. For detailed biological irtigegtion the natural glycans may
not have enough chemical stability and bioavaiigb{l212). Therefore, there is an
urgent need to develop new method to address tdeon. A combinatorial approach

to synthesize diverse artificial compounds with@erbuilding blocks and possessing
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similar or even better functions in a rapid mansegms to be an appropriate choice
(213). For instance, a fast and flexible glycomimet®gnthetic strategy using
microwaves and “click chemistry” was established\Magseur’s team2(14), which
permit introducing different number of various aatngdrate residues and enable to
adjust the physico-chemical and structural parareetech as the spaces between
every two residues, the hydrophilic/lipophilic bade, charge... Moreover, they can
also synthesize single strand DNA coupled with gtgmjugates and added a

fluorescent tag (see Figl-7).

DNA complementary sequence

l

0
O O+linker 0—i:'>- OH
I
NH
h
O""""&M{ |

Carbohydrate residue

Z
Z-\-

Figl-7 Schematic structures of a kind of glycominet (carbohydrate/DNA conjugates),

adapted form (206, 214)

Glycomimetics, as structurally modified simple aws (mimics) of carbohydrates,
then appeared to meet the requirement. Those giyoetics can also mimic the
bioactive function of carbohydratésee Figl-8). Over the years, tremendous progress

has been made toward the synthesis of glycomimetdb-224. Plenty of
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glycocomimetics have applied to drug design or aliscy 25-229, study the
interactions with carbohydrate-binding protein21%, 230-23% and establish
neoglycopeptide libraries or carbohydrate-oligoratile conjugates 56, 214,

236-239, etc.

Receptor (=) Receptor ()
[ E—
O .

Natural Ligand Glycomimetic

Fig1-8 Sketch map of natural glycoconjugate replacky glycomimetic.
1.6 DDI glycoarray

1.6.1 Introduction

As noted before, the immobilization of glycans seoof the important steps for
fabricating a useful glycoarray. An efficient immiiation should provide ideal
orientation and density of the glycans fixed atshéace of the support and take full
benefit of the “cluster effect’206). The “cluster effect” also referred as the “curst
glycoside effect” is a phenomenon where the mukiviaglycoside ligands show
enhanced activity compared to the correspondingavelent ligand on a per mole of
saccharide, or valence-corrected basis (in othedsvavhich is substantially higher
than the effect of increased concentratio?dd(. In addition to the two common
immobilization methods, physisorption and chemwaalent immobilization, DDI,
as a new immobilization strategy, was applied &gdlycoarray.

DNA-directed immobilization (DDI) method takes tlaglvantage of specific
Waston-Crick base pairing to immobilize biomolesuteupled with a single-stranded

DNA moiety by providing a specific recognition sftg complementary nucleic acids
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on a solid suppor(241, 242) The rigid structure of the DNA double helix might
guarantee proper orientation of the proB41]. In addition, using the DNA chips as
immobilization matrices, DDI method can offer p&himmobilization of various
probes under chemically mild conditions. The DDIswist introduced into the
fabrication of protein microarray in order to stualglogical events involving proteins
and peptides243, 244. In 2004, Wacker and coworkers made a compan$ahree
antibody immobilization methods on microarray: direcovalent immobilization,
biotin/streptavidin interaction mediate immobiliwet and DDI. The results showed
that the DDI led to the most efficient antibody imloilization. Moreover, DDI was
also successfully applied to immobilize cell-sugdigands for building a live-cell
microarray(245)

DDI was first introduced to glycoarray fabricatitwy Chevolotet al. in 2007
(246). In their studies, using DNA chips as universathaming platforms, the

glycoconjugates coupled with a complementary DNg weere addressed onto the

(a) (b)

Figl-9 Principle of DDI Glycoarrays: (a) a classitaDNA chip is used as an anchoring

surface of the microarray (see Fig1-9).

platform. Each spot contains one type of singleastd DNA sequence; (b) Glycoconjugates
bearing a complementary single strand DNA sequersx immobilized through the DNA

hybridization. Adapted from (206)

In addition, a Cy3 tag was introduced into thecglymimetics fabrication in
order to visualize the relative surface densitytref glycomimetics and control the

quality of the immobilization. Glycomimetics beagione or three galactose residues
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with two different linkers (L1: Cyclohexanedimetlvhrand L2: Tetraethyleneglycol)
were efficiently immobilized onto the surface okthbhip and tested with respect to
the Cy5-labelled RCA 120 lectin (see Figl-7). ThhAdirected immobilization
(DDI) of glycoconjugates 97-99, 206 has been proved to be very efficient,

site-selective and reversible immobilization method
1.6.2 Two test strategies of DDI glycoarray

1.6.2.1°On-chip” approach

The first strategy of DDI glycoarray is the “on-phiapproach. In this strategy, a
DNA chip would be fabricated by printing ssDNA (gle-stranded DNA) onto the
surface of the substrate. Then the Cy3 labelledcagignjugates bearing the
complementary ssDNA would be immobilized on theirgelsspot of the surface by
hybridization with the ssDNA printed on the subsraFinally, the Cy5 labelled
lectins would interact with the corresponding glyonjugates on the chip and be

prepared for detection (see Fig1-10).

«_Oligosaccharides

Lectins

Oligosaccharides

Fig1-10 Sketch map of “on-chip” approach of DDI gbparray fabrication. Adapted from(206)
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1.6.2.2"In-solution” approach

The “in-solution” approach is the second strategyDdDI glycoarray fabrication.
In this approach, the first step is also to falisca DNA chip. The second step
however, unlike the “on-chip” approach, the intéi@at of Cy5-labled lectin with
Cy3-labelled glycoconjugates would performed in #swution and the resulting
lectin/glycoconjugate complex would be addressethéocorresponding spots on the

substrate by DNA hybridization (see Figl-11).

Lectins

Complex of
Lectin/Oligonucleotide

Oligonucleotides

Figl-11 Sketch map of “in-solution” approach of DDplycoarray fabrication. Adapted from
(206)
1.6.2.3Advantages and limitations of DDI glycoarray

A first proof of this concept has been made witly¢gconjugate/ RCA 120
lectin” as model system. The advantages of DDI Hmen demonstrated as follows:
very minute concentration of material (glycoconjiggd is necessary for the detection,

as low as 0/pM (99) and the detection limit is in the range of 2-20r{RD6).
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Moreover, because the single DNA strands were eotsl grafting on the surface
chip, the subsequent DDI glycochip can be reusdbé both to the reversibility of
DNA hybridization 06) and the robustness of chip towards the string@ashings.
As quality control of glycocomimetics immobilizatiaand recognition with the lectin
can be realized by introducing the fluorescencellalyg Cy3, Cy5 and Alexa647
(97-99, 208, DDI glycoarray can take full advantage of théedgon tools available
for DNA-chip.

Although DDI glycoarray has many advantages mertiorabove, some
drawbacks still remain. For example, like othercglgrrays DDI glycoarray can be
also limited by the available glycan materials (ewer thanks to the glycomimetic
synthetic strategy developed by IBMM, this can beumnvented); the fluorescence
detection is only a semi quantitative measuremimrefore, more efforts still should
be taken to improve the power of DDI glycoarrayldad in Chevolot et aPQ6), the

device was developed with only one DNA tag anddaaé with a model plant lectin.

1.7 Objectives of the study

The main goal of the thesis is to develop a devime the screening of
carbohydrates/lectins interactions. This impliesirtgprove and optimize the DDI
glycoarray study method. For this, we will compam® methods of glycomimetics
immobilization: the DDI immobilization and the cdeat immobilization. Next in
order to get semi-quantitative insight on the afjirof studied interaction an kg
assay was developped.si@ssay is a commonly used method for the measuteshien
the effectiveness of a substance (inhibitor) inibiting biological interactions, the
ICspvalue is the concentration of an inhibitor where ithteraction is reduced by half.
In order to improve the high throughput capacityp@fl glycoarrays and reducing the
required materials and experiments, several glyswtic/lectin interactions are
expected to be performed in parallel in one reactddDI glycoarray. Therefore the

ability to multiplex the analysis and to miniatwgithe glycochips will be the main
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challenges of this work.

In order to validate the progress in glycoarrayhtexogy, we will investigate the
interactions of different glycoclusters with varsoyproperties (structure, residue,
charge...) towards two lectins (PA-IL and RCA120)pedively. RCA120 was a
model lectin widdly reported in literature. PA-IE suspected to be in volved in the
adhesion ofPseudomonas aeruginosa the host cells. The affinity studies will be
performed either by “on chip” or “in solution” apgach.

At last, DDI glycoarray was applied to investigai@bohydrate/hemagglutinin
with whole viruses interactions in order to i) diger new glycomimetic ligands of
Hemagglutinins (HA) blocking their activity, ii) padly diagnose the infection by
influenza viruses in the population at risk andl distinguish the human and avian

influenza viruses.
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2 MATERIALS AND METHODS

In this chapter, the main experimental materiat$ methods used throughout this
dissertation (Chapter 3, 4, 5) are listed and dasdr This includes the materials and
methods employed in the construction of DNA anaigplatform, in the fabrication
of DDI glycoarrays and in the detection proceduoésthe glycoconjugate/lectin
biological interactions. It would provide a moretalkeed framework and overview of

the study.

2.1 Glycomimetics

All glycoconjugates (glycomimetics) mentioned instithesis were drawn in
Annexel. Most of the glycoconjugates were syntleesizy our co-worker8{-99,
206) in the IBMM of Université de Montpellier 2 and BMS of Université lyon 1,
except the two kinds of calix[4]arene-based glyastdrs of Glycoconjugate 6 and 7
(see Annexel), which were provided by the IBMM &mel University of Ferraredg).
The experimental procedure for the synthesis oft@lgnjugate 1-9 are showed in
Annexe 2. The synthesis of Glycoconjugate 10-24ehant been published yet. In
consequence the experimental procedure for thethegis is not given.

Herein, we recall the general structure of glycgegates.

Tables 2.1 and 2.2 summarize the main charactetBeofjlycoconjugates used
(name, geometrical structure, linker, charge, paiknarget lectin...). Thanks the
high flexibility in the glycoconjugate building nfedidology, various geometrical
structures (comb like, antenna, and crown glycaelusising calixarene core) of
glycoconjugates were provided by our partners. &8 relates to the properties of

their DNA tag (name, sequence, GC%, and meltingp&zature Tm).
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Name atoron Molecular Structure Linker 2 Charge
Reference Schema (number)
(0]
Gl o e .
3ManDMCH —CTG CCT CTG GGC TCA o/O/ HN Cyclohexanedlmethanol 0
Molecule 1 oH N’,N3 ( DMCH )
(in chapter 5) % w
HO %3
HO
0-P-0">""0H
fCTGCCTCTGGGCTCAAoJO/ o C | h d th |
G2 1GalDMCH F{ yclohexanedimethano 0
o o s ( DMCH )
Ho L0 s
OH
HO
(e}
o i
HN
3GalDMCH ~CTeCeTETe GeCTeA 10 f?3 Cyclohexanedimethanol .
o ; N %me'f” ( DMCH )
O 0 s
HQ -

Table2-1 Main characters of glycoconjugates—(l) Lkar ® refers to the Linkage between every two phosphsigies of the structure of the glycoconjugates not
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taking into account the DNA ta@06).

Name Internal Molecular Structure Linker Charge
Reference Schema (number)
— Gal
L'""g” Cy8-CTGCET CTG GGG TCA-O<|E\Z|’\«| 0-P-0">"oH
<ZE% T hyl lycol
etraethyleneglyco
G 2a 1Gal TEG an / 0
; \.Cy3 % o | /\1N\N°N (TEG)
i ot b
?0 HO
~y3-CTG CCT CTG GGC TCA--O~E/\]’\1 0- 'F'> 0"™"0H
G 3a 3Gal TEG Tetraethyleneglycol 0

OH /\1
Ho 2

(TEG)

Table2-1 (Continued).
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Internal Molecular
Name

. Charge
Reference Schema Structure Linker (number)

@)
S| T
H,Nw -~ NH ¥ T—t0

G Molecule 1 s Cyclohexanedimethanol
4 olecule =
o MN\N”“ ( DMCH)
2 3
HQ -’
HO
?
o} /Ofo—P 0" 0H
HN
G5 Mol e 2 HZN\/\,NHJL;{—CTGCCTCTG GGC TCA+O rg . Cyclohexanedimethanol
olecule =
N\NON ( DMCH )
HO O\H 0 0%3
OH
HO
oH  HONOH
oH Leon I H
HO \N¢N i NN NN 3 Nk,,Ni;o
LM1 N "
G6 (4Gal %g \@ . Trishydroxymethylethane 0
1calixarene) “\@cy3 I
{ @ § 5
NHO / ’N‘N
H (o} N
? Cy3—CTG CCT CTG GGC TCA-O>COH

Table2-1 (Continued).
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Internal Molecular
Name

Charge
(number)

Reference Schema
0»;,\ 6@\ (—,'a\ ¥ o@/
LM2 @ &
G7 (8Gal %
2calixarene) 23
A 1%
%:o
Gal Gal
Gal Gal
Gal Gal
Gal Gal
Gal Gal
G8 10Gal penta !
==
5, @
“%i'o
Go9 4Fucose

Table2-1 (Continued).

Trishydroxymethylethane

Pentaérythritol

Pentaérythritol

-(5)

-(1)
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Internal Molecular . Charge
Name Reference Schema Structure Linker (number)
o 1
O—P—O OH
G 10 . Gal HI{I
I —— 5 Csed5 | OJC/ A Cyclohexanedimethanol 0
Molecule 5 TM1DMCH o o /\4N‘N/'N ( DMCH )
. (] o}
(in chapter 5) e HO - 3
HO
G1 é? 79
Molecule 2 GWP40 Trishydroxymethylethane -(3)
(in chapter 5)
[ Cseaz + \fﬁ“
G 12 *7 4 ° o740 L
Molecule 3 FM2TMOE (@\F (LN\F Trishydroxymethylethane 0
(in chapter 5) ! J &
> —| Cseq3 |~ko+c HE»-O_'/_/OH
% 3
Table2-1 (Continued). ’
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Internal

Name Molecular Schema Structure Linker Charge
Reference (number)
Gal (‘%%f (é%g\
G 13 e \E . \E .
Molecule 4  FM3TDMAP sl | | J[ 7 % o Trishydroxymethylethane  +(3)
. Sy3— Cseq4 O_F ) Hi:—'- Lo _oH
(in chapter 5) 5@ ? s
G1l4 Foa
oy [ Cse@6 |- [ o—Fotf_= i -
Molecule 6 FMIPEPO §% . b I Pentaerythritol (1)
(in chapter 5) £ @ AT N
%:O “0204—}0*\ v\o%\
G15 i e
Molecule 7 FM3PEDMAP gé {__Cseq?  fo [ o Fo o Pentaerythritol +(1)
(in chapter 5) i @ (Z“ Ny A
= R g
Table2-1 (Continued).
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Name Internal Molecular Schema Structure Linker Charge
Reference (number)
Gal . 4 . 7
Gal ' L
NN\/V( NN\,V(
G 16 FM2PEMOE o_p—r ju Pentaerythritol 0
(N
F/JO—F%-LEC
Q—p-Lac
M
/[.,'N r—f .
G17 GWP50L i N| N\N Pentaerythritol 0
o] //[N
(v3-CTG CCT CTG GGC TCA -0-F- o’\Eo
OH
O fLac-o-2 G-Meusdc
O =placo-2 6Heusts
G 18 GWP50S M’/ Pentaerythritol 0

M

M
f
Q
(v3-CTG CCT CTG GG TCA-O—I{‘I—O“tO
o
H

Table2-1 (Continued).
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Molecular
Schema

Structure

Linker

Charge

(number)

Internal
Name
Reference
G 19 GWP45
G20 GWP48
G21 GWP60

] 0 0 0 0
-5XCTG CGT CTG GGG TCA4!—?'4:—/\9’\r"\/\g'\)"g_“ﬂ"f\%gﬂﬁ/\o’\J’\/‘n/\)"g_"”\t\““’“v’\ﬁ*/\u’\f“'g_“"/\f\’“
o o "

R

Mewade 00

o 0 ] 0
-CTG COT 0TG GGC TCAfnrg{a_/\n/\/U\/ﬁ/\)J—Ewa’\)\/h,#,a‘/\az\/ﬂ\/\u/\/o\#-u’\k\
H o NH a

D

HEusse 6o

] ] L °
-CTG CCT CTG GGC TCA-0-4-0 ofﬂwc’\h-b‘-o oo
OO
N
| ""

Neusac 6-¢

AR

heushs -0

0

0
|

Meushz 2.0

%

heushs -0

0
n«/\u’\/n\/\uf\/mf'UAi/\“H
NH 0
N
[ W

o

MeuZe o0

H 0 0 []
o b "y i
ol \t\, g.c : oo S o 5'c'\bH

.

Heushe 00

?

o

Tetraethyleneglycol

Tetraethyleneglycol

Cyclohexanedimethanol
( DMCH )

-(4)

-(7)

Table2-1 (Continued).
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Name Internal Molecular Structure Linker Charge
Reference Schema (number)
CTGCCTCTGGGCTCAM ‘O" ot \hf “O" ﬂ«,\_DJff ﬂ Q,E;WLDJ_E;U«bH Cyclohexanedimethanol
G 22 GWP63 G k[;, ™ <© @ kgg ( DMCH ) 0
| ) e °Fke  Cyclohexanedimethanol
G23 73A Cys5'-CTG CCT CTG GGC TCA—o—g_—o ([:N ' ( DMCH ) and
o o Trishydroxymethylethane -(1)
. °‘E,?°“P°“
0-p-Lac-0-2,6-NeuShAc
Nr// Cyclohexanedimethanol
G24 73B 2“;” ( DMCH ) and -(1)

9
—Fl’—O OH
o)

0

Trishydroxymethylethane

Table2-1 (Continued).
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Name DNATag? ( Complementary sequence$ Sequence Carbohydrate residue (number) Potential lectin afinity °
G1 DNATag 1 (Cseq 1) Sequence 1] Mannose (3) _
G2 (G 2a) DNATag 1 (Cseq 1) Sequence 1 Galagfigse RCA 120 & PA-IL
G 3 (G 3a) DNATag 1 (Cseq 1) Sequence 1 Gala¢B)se RCA 120 & PA-IL
G4 R Galactose (3) RCA 120 & PA-IL
G5 DNATag 1 (Cseq 1) _ Galactose (3) RCA 120 & PA-IL
G6 DNA Tag 1 (Cseq 1) Sequence 1 Galactose (4) RXOA& PA-IL
G7 DNATag 1 (Cseq 1) Sequence 1] Galactose (8) RXDAS PA-IL
G8 DNA Tag 9 (Cseq 9) Sequence 9 Galactose (10) A RO & PA-IL
G9 DNA Tag 9 (Cseq 9) Sequence 9 Fucose (4) PA-IIL
G 10 DNA Tag 5 (Cseq 5) Sequence 5 Galactose (4) A RO & PA-IL
G111 DNA Tag 2 (Cseq 2) Sequence 2 Galactose (4) A RO & PA-IL
G 12 DNA Tag 3 (Cseq 3) Sequence 3 Galactose (4) A RO & PA-IL
G 13 DNA Tag 4 (Cseq 4) Sequence 4 Galactose (4) A RO & PA-IL
G 14 DNA Tag 6 (Cseq 6) Sequence 6 Galactose (4) A RO & PA-IL
G 15 DNA Tag 7 (Cseq 7) Sequence 7| Galactose (4) A RO & PA-IL
G 16 DNA Tag 8 (Cseq 8) Sequence § Galactose (4) A RO & PA-IL
G 17 DNA Tag 1 (Cseq 1) Sequence 1 Lactose (2) _
G 18 DNATag 1 (Cseq 1) Sequence 1 ka2;6-Neu5Ac (2) Hemagglutinin
G 19 DNATag 1 (Cseq 1) Sequence 1 ka2:6-Neu5Ac (3) Hemagglutinin
G20 DNA Tag 1 (Cseq 1) Sequence 1 ka2;6-Neu5Ac (3) Hemagglutinin
G21 DNATag 1 (Cseq 1) Sequence 1 ka2;6-Neu5Ac (3) Hemagglutinin
G 22 DNATag 1 (Cseq 1) Sequence 1 ka2:6-Neu5Ac (3) Hemagglutinin
G 23 DNATag 1 (Cseq 1) Sequence 1 Lactose (1) _
G24 DNATag 1 (Cseq 1) Sequence 1 ka2:6-Neu5Ac (1) Hemagglutinin

Table2-2 Main characters of glycoconjugates—(I1).NDA Tag ? is the ssDNA sequences in the glycoconjugate, Whize also complementary sequences
corresponding to Sequené’ethe main characters of DNA tags are listed in TaB-3; Sequenc@ is the ssDNA sequence printed on the surface @ thips (see
Table 2-4); Potential lectin affinity® is the lectin with which the glycoconjugate has tpatial to interact, according to the carbohydratesidues of the

glycoconjugate.
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Name of DNA tag Internal reference GCa" TmP

DNATag 1 (Cseql) Czipl.1.1 66.7 54.7
DNA Tag 2 (Cseq2) Czipl.7.1 36.8 49.6
DNA Tag 3 (Cseq3) Czip1.8.1 52.6 59.4
DNA Tag 4 (Cseqg4) Czip1.9.1 57.9 59.6
DNA Tag 5 (Cseq5) Czip 1.10.1 46.7 44.0
DNA Tag 6 (Cseq6) Czip 1.11.1 31.6 44.7
DNA Tag 7 (Cseq7) Czip 1.14.1 26.3 46.7
DNA Tag 8 (Cseq8) Czip 1.13.1 52.6 61.7
DNA Tag 9 (Cseq9) Czipl.2.1 52.6 59.4

Table2-3 Main characters of DNA tags of glycoconpigs

GC%*and Tm ° were calculated by on-line software Primer3 (http://biotools.umassmed.edu/bioapps/primer3_www.cgi)
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2.2 Set up a DNA anchoring platform

The glass slides (Borosilicate, Nexterion D, Sck@MBH, Germany) were used
as substrate suppor®7¢99, 208. The setting up of the anchoring platform congsis
three steps:

1. Fabrication of microreactors onto glass slides Wwtplithography and wet
etching.

2. Surface chemical functionalisation of the suppteésiing to NHS ester activated
glass slides.

3. Covalent immobilisation of amino-modified oligonaotides acting as anchoring

points for the subsequent immobilisation of thecglyonjugates.

O0O0O0000000O0O0O0

O 00 ¥sesesess

0000000000000 O oo 09050000

0000000

0000000000000 O oo 00000000
(m} oo

0000000000000

©Ooco00000
00000000

a) b)
Fig2-1 Photo and sketch map of the substrates. Glakde featured 52 round microreactors a)

or featured 40 square microreactors b).

2.2.2 Fabrication of microreactors (Substrate preparatip

Microreactors are designed onto flat glass slidesneans of photolithography
and wet etching. Two kinds of microreactors beaglass slides have been used:
» One featured 52 round microreact®8,(99, 20% of 2 mm diameter, 65-106m
deep with less than 1% variation in depth for otohiag lot, with a volume near
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1ul (See Fig2-1 a).

» The other featured 40 square microreact®@ 6f (3 mm by side, 60 + m
depth, with a 4.5 mm spacing between each micrayeaa order to be
compatible with the spotting robot and multi-camat¢ropipettes (See Fig2-1 b).

Technology process of the microreactor fabricatwas adapted from the

protocol developped by Mazurczyk et 247). The process flow is shown in Fig2-2.

Chromium layer Photoresist layer —

Glass slide

Glass slide | — | Glass slide —

Glass slide

i

3

4
| |
Glass slide | - Glass slide < Glass slide

Fig2-2 Technology processes of microreactors fahtion. 0. The original glass slide. 1. The
deposition of a chromium layer. 2. A photolithograje step. 3. Opening of the chromium. 4.
Glass etching. 5. Removing of the protectiagers .Adapted from(247).

2.2.2.1 Deposition of the Chromium layer

Before photolithography, a chromium layer was dépdson the surface of the
slide, in order to promote the adhesion of photstégm with the slide and offer an
additional protection against harsh etching sohgi@47). Firstly, the glass slides
were washed successively with TDF4 detergent (FaanEA, Billancourt, France)
solution, a fresh Piranha mixture (96 % Sulphudicl éRiedel de Haen, Puriss, Seelze,
Germany): 35 % hydrogen peroxide (Fluka, PurissinBeim, Germany), 7:3 volume)
for 10 min, then rinsed with DI water (18.2(M and dried by centrifugation. A 150
nm chromium layer was deposited using magnetrortesjng (MRC822 system).
The system was operated at a RF power of 5 kWeateftl power was 2 W, and turret
voltages 2.6 kV. The argon flux was set to 50 secwh the working pressure was 2.6

103 Torr.
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2.2.2.2 Photolithography

SPR 220 4.5 photoresist (Rohm Haas electronic m#tel ucerne, CH) was
spin-casted at 4 000 rpm for 30s resulting inuan4hick layer. A first bake at 115 °C
on a hot plate for 1 min 30 seconds was perforrRédtolithography was carried out
with a Karl Suss MJB3 Mask Aligner, and a 22 sectinchination was performed.
The slides were immersed in MF26 A developer fenifiutes, rinsed in running DI
water for 5 min, dried under a dry nitrogen fluxdapost-baked at 115°C for 2
minutes@47).

2.2.2.3 Etching

The chromium windows on the glass slides were apeiseng chromium etchant
(Merck, Darmstadt, Germany). The slides were thesed in running DI water for 15
minutes and immersed in a freshly prepared wetirgicholution (Buffered Oxide
Etchant - abbreviated BOE, 7/1, Hydro fluoridricidacammonium fluoride,
Honeywell): 37%hydrochloric acid (HCI, Riedel de dia Seelze, Germany): DI
water (HO, 18.2 M), 1/2/2, viIviv) at room temperature for 1h andniifiutes. The
slides were rinsed in running DI water for 15 mest Complete removal of the
photoresist was achieved by rinsing with acetoned® de Haen), ethanol and water.
Finally, the chromium layer was removed with chromietchant (Merck, Darmstadt,
Germany). Depth of the microwells was monitoredhwd mechanical profiler
(Alfa-step 500 from KLA Tencor@4?).

2.2.3 Silanization and activation of the glass slides

The microfabricated slides were washed with fresanfRa solution for 20 min,
and rinsed in deionized water for 10 minutes/4 siraed dried by centrifugation. After
heating the slides under dry nitrogen for 2 h @ 16 in a sealed reactor, 250ml dry
pentane was added at room temperature, followed BQQUL of
tert-butyl-11-(dimethylamino)silylundecanoate. Aftacubation at room temperature
under dry nitrogen for 2 hours, pentane was evapadrander reduced pressure and
the slides were heated at 150 °C overnight andweested in Tetrahydrofuran (THF,
Riedel de Haen, Seelze, Germany) 10 minutes uramfecation and rinsed with DI

water.
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The tert-butyl ester was converted into the cowadpg carboxyl group by
immersing the slides in glacial formic acid (Riedel Haen, Seelze, Germany) for 7 h
at room temperature, washed successively 10 nilidia (Sonication) and 10 minutes
in water sonication.

NHS activation of the carboxylic functions for tbevalent immobilization of the
amino-modified oligonucleotides was performed aova The glass slides were
immersed in N-hydroxysuccinimide (Riedel de Haeagel®e, Germany) 0.1 M and
di(isopropyl)carbodiimide (Riedel de Haen, Seel@srmany) 0.1 M in dry THF
solution and allowed to react overnight at room gerature. Finally, the slides were
rinsed successively in THF 10 minutes and dichl@ttrane 10 minutes under

sonication leading to the NHS activated glass slide

2.2.4 Immobilization of single-strand DNA

All amino modified DNA sequences (see Table2-4) evgurchased from

Eurogentec and prepared for fabrication of DNA anmitty platforms.

» For the slide featured 52 round microreactors, @aichoreactor has been used as
a spot. So each microreactor has been full fillathviul of desired amino
oligonucleotides in PBS10x (pH 8.5) at 25 pM fongse strand DNA probes
immobilization.

» For the slide contained 40 square microreactord) eacroreactor has been used
as a microchip. So amino modified nucleotides whrposited by a Biorobotics

MicroGrid microarrayer (Digilab), resulting 64 spqier well.

In both cases, after deposition, the oligonuclestidiere allowed to react with the
carboxylic activated glass slides overnight at rotamperature in a water vapor
saturated chamber, and then the solutions werd\skevaporated overnight at room
temperature. Finally, the slides were washed wit§d(w/v) sodium dodecyl sulfate
(SDS, Sigma Steinheim, Germany) at 70°C for 30 e, rinsed with DI water.
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Name
Sequence N (Seq N)
Sequence 1 (Seq 1)
Sequence 2 (Seq 2)
Sequence 3 (Seq 3)
Sequence 4 (Seq 4)
Sequence 5 (Seq 5)
Sequence 6 (Seq 6)
Sequence 7 (Seq 7)
Sequence 8 (Seq 8)
Sequence 9 (Seq 9)

Internal reference
Zip 1.12.1
Zip1.1.1
Zip1.7.1
Zip1.8.1
Zip1.9.1
Zip 1.10.1
Zip 1.11.1
Zip 1.14.1
Zip 1.13.1
Zip1.2.1

GCa%®

44.4
72.2
31.8
47.6
52.4
38.9
27.3
22.7
45.5
56.0

TmP®

53.5
64.4
55.0
61.1
61.7
51.1
50.2
52.4
65.1
73.6

Table2-4 Main characters of DNA sequences used ®NA anchoring platform fabrication. GC%* and Tm ° were calculated by on-line software Primer3

(http://biotools.umassmed.edu/bioapps/primer3_www.cgi)
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2.3 Blocking

In order to limit further non specific adsorptiohgmomena, a blocking step was
performed by immersing the slide bearing DNA in B#vine Serum Albumin (BSA,
Sigma, Steinheim) solution for 2 h at 37°C. Thdeskvas then washed in PBS 1x (pH
7.4)-Tween 20 at 0.05% for 3x3min followed by PBS(ftH 7.4) 3 times, and finally
rinsed with DI water and dried by centrifugation.

Glass slides were ready to be used either for tre chip approach” or “in

solution approach” as described below. They alsobeastored in refrigerator at 4°C.

2.4 Immobilization of glycoconjugates

2.4.1Covalent immobilization of glycoconjugates

In the studies of chapter 3, two glycoconjugate$yc@ronjugate 4 and
glycoconjugate 5, see Table2-1) were immobilizedtlom glass slide by covalent
grafting. 0.5uM and 25uM of glycoconjugates in PBS(pH 7.4) were placed at the
bottom of the corresponding microreactor on thdeshvith a micropipette. After
incubated at room temperature in a water vapouratad chamber for 24h, the slides
were washed with 0.1% (w/v) SDS (Sigma Steinheigrn@ny) at 70°C for 30 min,

and rinsed with DI water.

2.4.2lmmobilization of glycoconjugates by hybridization

For the “on-chip approach” (see Chapterl, Figl-I@fore recognition with
lectins, glycoconjugates were first immobilizedaigh the hybridization with the
complementary sequences present on the glass sWdedesired concentration, the
solutions of glycoconjugates (PBS 1x pH 7.4) welaced at the bottom of the
corresponding microreactor on the slide with a opgoette at the appropriate volume

(about 0.8ul for the slide featured 52 round mieastors, 1-2.5ul for the slide
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contained 40 square microreactors), and allowedhybridize for 3h at room
temperature in a water vapour saturated chambee. dlide was then washed
successively in Sodium Saline Citrate (SSC 2x) 0S8Bium Dodecyl Sulphate (SDS,
Sigma Steinheim, Germany) at 8¥or 1min followed by SSC 2x at room temperature

for 5 min and dried by centrifugation.

2.5 Biological recognition

2.5.1 Lectin labeling

Ricinus communis agglutinih20 (RCA120, Sigma, Steiheim, Germany) lectin
was labeled by following the manufacturer protoadl Cy5 Ab Labelling Kit
(Amersham Biosciences, GE Healthcare, BuckinghamshiUK). Protein
concentration and the dye to protein ratio werameded by reading the absorbance at
280 and 650 nm (Nanodrop). Lectin concentration@sdisnated to be gM bearing an
average of 4 dyes per protein.

Pseudomonas aeruginogectin | ©8) andPseudomonas aeruginokactin Il (97)
(noticed PA-IL and PA-IIL, provided by Dr. Anne Irelty, CERMAV) were labeled
with Alexa647 by using a kit from Invitrogen. Pristeconcentration was estimated
according to the manufacturer protocol by readimgabsorbance at 280 and 650 nm.
The final concentration of monomeric lectin wadreated at 2§ M with a degree of

labeling of 0.4 for PA-IL, at 24.pM with a degree of labeling of 0.04 for PA-IIL.

2.5.2 “On-chip” recognition

The labeled lectin was diluted to the desired cotredion in PBS 1x (pH 7.4),
CaClb (Sigma, Steinheim, Germany; final concentratiopg/inl) and 20% BSA
(Sigma, Steiheim, final concentration 2%) to prepdne “on-chip” recognition
solution. After that, the lectin solution was deped with a micropipette in each
microreactor of the slide bearing glycoconjugated allowed to incubate at &7in a

water vapor saturated chamber for 2 h. The slide than washed in PBS 1x (pH
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7.4)-Tween 20 (0.02%) (Roth, Karlsruhe, Germanyj &min and dried by

centrifugation.

2.5.3 “In-solution” recognition (Hybridization of complees

glycoconjugate and lectin)

Glycoconjugates and lectins (at desired final catre¢gion) were diluted in
PBS-Tween 20 (0.02%) solution, BSA (2% final corication) and CaGl (1ug/ml
final concentration) to prepare the “in-solutio®cognition solutions. Each solution
was pipetted down in its corresponding microwelltloé slide and incubated 2h at
37°C in water saturated chamber. Finally the siides washed with PBS 1x (pH
7.4)-Tween 20 (0.02%) for 5min and dried by cengd#tion.

2.5.4 Quantitative Analysis (IGy determination) of binding

affinities of glycoconjugates/lectins

ICso of binding affinities of glycoconjugates/lectingsvdetermined by introducing
the inhibitor (lactose). A series of solutions @ning increasing concentrations of
the inhibitor (lactose) were prepared by addindediént volumes the lactose (at
desired concentration in PBS 1x) to the “on-chiplagnition solution (see 2.5.2.) or
the “in-solution” recognition solutions (see 2.%.3.he solutions were then deposited
into corresponding microreactors on the slide respaly with a micropipette and
incubated 2h at 37 °C in water saturated chambealli the slide was washed with

PBS1x (pH 7.4)-Tween20 (0.02%) for 5min and drigaténtrifugation.

2.6 Fluorescence scanning

As mentioned before, three fluorochromes (see T2atdgwere employed in this
study. Cy3 was used to label glycoconjugates, vasey5 and Alexa647 were used
to label lectins.

Thus the slides can be scanned with the Microas@nner GenePix 4100A
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software package (Axon Instruments, Sunnyvale, U&tAgxcitation wavelengths of
532 and 635 nm. The fluorescence signal of eacfugate was determined as the
average of the mean fluorescence signal of correBpg spots. In order to study the
binding affinities of different glycomimetics towds the target, the immobilization
yield of glycomimetics should be comparable, whiakans the Cy3 fluorescence
intensities should be similar. Otherwise, the higdsignals (the Cy5 or Alexa647
fluorescence intensities) need to be corrected rdoap to the Cy3 fluorescence
intensities of glycomimetics (see Table2-6). Howewsich correction can not be
applyed to the “in-solution” approach, due to thleofescent Resonance Energy

Transfer (see chapter 3)

Color of A Abs AEm
Dye Color MW(g/mol) QY (%)
Fluorescence (nm) (nm)
Cy3 Pink Green 767 550 570 0.15
Cy5 Blue Red 792 649 670 0.28
Alexa647 Blue Red 1300 650 665 0.33

Table2-5 Main characters of fluorescence dye. Re#éek to (248) and
http://flowcyt.salk.edu/fluo.html
MW: Molecular weight; Abs : Peak absorption wavelength Amax (nm); Em: Peak emission wavelength Amax

(nm); QY: Quantum yield (%)

Fluorescence intensity

Cy3 | Cy5 or Alexa647| Cy5 or Alexa647 (after correatin)
A
Glycomimetics 1 | A1? B1 C,= B, x : = B,
o Ay
Glycomimetics 2 | A2 B2 C,=B,x A
2

Table2-6 Correction of Cy5 or Alexa647 fluorescenitgensity according to ratio of the Cy3
fluorescence intensity of glycomimetics

A:? (the Cy3 fluorescence intensity of Gycomimetics 1) is regarded as a reference date (standard).
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3 COMPARISON OF DIRECT
COVALENT IMMOBILIZATION AND
DDl OF GLYCOMIMETICS

3.1 Introduction and context

The main objective of this part of work was to cargthe performances of DDI
with direct covalent immobilization of glycomimesionto the solid surface. For this,
the recognition by RCA 120 of the same glycomimedicture exhibiting three
galactose residues (Glycoconjugate 3, 4 and 5ckaepter 2, Fig2-1) immobilized
either by a covalent bond with a short linker (5&g3-1, G 4) or a long linker (see
Fig3-1, G 5), or by DDI (see Fig3-1, G 3) was compa G 4 and G 5 have a 5’-end
amine function to insure their covalent immobilieatby reaction with ester activated
modified glass slides. The immobilization of G 4 5 led to the amide derivative
of these molecules after coupling. They are séfemed to as G 4 and G 5 after
immobilization for the concision and clarity of thext. G 4 has a deoxythymidine
linker. In order to ensure that the observed difiees are related to the
immobilization mode (Covalent vs. DDI), G 5 has @igonucleotide based spacer
with exactly the same sequence as G 3. G 3 was imtizexl by DDI.

G 1 (Glycoconjugate 1) (see chapter 2, Fig2-1) atdul the same glycomimetic
structure but the galactosyl residues were replagetannosyl residues. So, G 1is a
negative control against RCA 120.

The glycomimetics were immobilized at two differesdncentrations (0.5 puM
and 25 uM) in order to study the effect of glycoratios concentration in the
immobilization solution on the subsequent inte@tivith RCA 120.

After the incubation of Cy5 labelled RCA 120 witthet immobilized

63



glycomimetics, washing and drying, the chips weralywed with Axon scanner. The

fluorescence intensity signal and lower detectionit were compared.

— Man — Gal
— Man — Gal
+— Man — Gal — Gal — Gal
: : Gal ;

< <C << L Gal <

a5 a5 T a

L@ § @ § éH

£ r 3 r

G1 G3 G4 G)S

Fig3-1 Sketch map of the structures of four immolaiéd glycoconjugates. G 4 and G 5 were
directly immobilized on activated ester modifiedagt slides, while G 1 and G 3 were
immobilized by DDI. Cy3 allows the quality controif the DDI immobilized molecules. The

interaction with the Cy5 labelled lectin Ricin Comunis Agglutinin was probed by fluorescence

scanning. G 1 is a negative control with regardR&CA 120 (galactose specific lectin). The DNA

sequence of G 1, 3 and 5 is the same.

3.2 Results and discussion

Most of the following results were adapted fr¢ag).
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3.2.1Comparison of direct covalent immobilization and

DNA-directed immobilization (DDI)

G 4 and G 5 were covalently and directly graftedoomctivated ester
functionalized borosilicate glass slides wherea8 @nd G 1 were immobilized by
DDI through the specific hydridization between th&-amine modified
oligonucleotide tag borne by the glycoconjugate dhd complementary DNA
sequence previously grafted onto the surface. Ty&l&belling allowed to control if
hydridization was well occurred. At the same comion (0.5uM), the Cy3
fluorescence signals in wells containing G 3 andL @ere similar (See Fig3-2),
demonstrating an efficiently immobilization of gbmimetics with similar surface
density. After incubation with the lectin RCA1204dold decrease of the Cy3 signal
corresponding to G 3 was observed (See Fig3-2g8-8, a). This was attributed to
Fluorescent Resonance Energy Transfer (FRET) betiteeCy3 as a donor and Cy5
as an accepto49, 250. When the glycoconjugate Cy3-G 3 were recognizgthe
lectin Cy5-RCA120, the two fluorophore Cy3 and Gy&re in very close proximity,
so that the FRET would occur: the acceptor (Cy5uldidake the energy from the
donor (Cy3) and emit photons of different color @hiwould not be detected at
532nm. Therefore, the fluorescence intensity oleskrat 523nm for Cy3-G 3 was
reduced, however the decrease of Cy3-G 3 signasndt indicated the loss of
glycoconjugate G 3. By contrast, when the sameraxpat was performed with G 1,
we measured a fluorescence intensity of 38962aadi47316 a.u. respectively before
and after lectin incubation (See Fig3-2 a; Fig&}p, In this case, as no interaction
between lectin and G 1 occurred, the intensity leg Cy5 signal was in the
background (61 a.u; see Fig3-3, b) and no FRET wlaserved. These results
demonstrated that the DNA duplexes were stable rurtde lectin incubation

conditions, and the non-specific adsorption wag lierited.
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Fig3-2 Mean fluorescence intensities obtained at2si8n (a.u.) for glycoconjugates (G 3 and G

1) at 0.5uM before interact with RCA120.
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Fig3-3 Mean fluorescence intensities obtained at Z5Bn (a.u.) and 635nm (a.u.) for
glycoconjugates (G 3 and G 1) at 0.5uM after intetavith RCA120.

In the following test, two concentrations (0.5uMlab uM) of glycoconjugates
have been used. Next, glass slides were incubatbdwy5 labelled RCA120 solution
of different concentrations. After incubation, #ieles were washed and scanned.

Fig3-4(a) and (b) respectively gives the Cy5 flsoence intensities as a function
of the concentration of Cy5-RCA 120 lectins obtdimadter recognition with different
glycomimetics.

In the two cases, signal resulting from G 1/RCA iitéraction was not reported
in Fig3-4 because the fluorescence signal was akgpaund level (30 a.u.),
confirming that no recognition of RCA 120 towardamnmose based structure occurs

as expected.
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Fig3-4 Fluorescence intensities (a.u.) for Cy5 a8% nm obtained after recognition by
Cy5-RCA 120 lectin. Concentration of glycoconjugatéG 3, G 4 and G5) used for their

immobilization: (a) 0.5 and (b) 25uM. Adapted fro(89)

When glycoconjugates were immobilized at a 0.5pMceatration, we found
that DDI led to a higher Cy5-RCA 120 fluorescengmnal than that observed with
direct covalent immobilization (G 4 and G 5) (seg3H a) and especially when the
lectin was used at concentrations of 0.2 and 2uMrthErmore, at a 0.02uM
concentration of lectins, the signal-to-noise rates below 3 for G 4 and G 5 (1.03),
while it remained higher for G 3 (7.4). When glyoojugates were immobilized at a
25uM concentration, the differences in the fluoeescCy5-RCA 120 signal between
DDI and covalent immobilization are lower than thosbserved with a 0.5uM
solution (see Fig3-4 b).

Finally, we observed that glycomimetics G 4 and @nbhored respectively by a
short and a long linker to the surface led to ailaimrecognition by lectin when
immobilized at 0.5uM. By contrast, when they wemmobilized at 25uM
concentration, glycomimetic G 4 was more prone itwl lihe lectin than G 5. This
result suggested that the distance between themiyeetic and the surface is not the
only factor to consider but the rigidity of theKer should also be taken into account.
Another explanation may relate to additional forbesween the substrate and the
molecules leading to a different orientation of gigcomimetics moiety between G 4

and G 5.
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Glycomimetics G 5 and G 3 displayed a similar diseato the surface but bind
lectin with different affinities. Single-stranded\B is rather flexible and can bend,
while double stranded DNA is more organized in spax a double helix, leading to a
much more rigid linker.

In the field of protein microarrays, Wackest al (241) compared DDI,
biotin/streptavidin based immobilization and direcbvalent immobilization of
antibodies. They found that DDI and covalent attaent led to higher fluorescence
signal intensities than streptavidin/biotin basexdniobilization. They also found that
DDI required 100 times less antibody for preparthg antibody than we have
observed on DDI-based glycoarrays in this repothis Tobservation has been
attributed to the rigidity of the DNA duplex holdjrthe probe straight on the surface,
and to the dynamics of hybridization that allow noyed packing compared to

covalent attachment.

3.2.2Influence of glycomimetic concentration on the
hybridization yield and subsequently on its intetsm

with RCA 120

Taking into account the efficiency of DNA Directédmobilization of G 3, the
effect on its subsequent interaction with Cy5-RC20 Ivas studied as a function of
the concentration of G 3 used during DDI. The nssaite displayed in Fig3-5.

Fig3-5a corresponds to the Cy3 fluorescence sigregsured before incubation
with the lectin and it relates to the amount of GyBridized with its complementary
immobilized DNA sequence (its relative surface des. Fig3-5b corresponds to
the Cy5 fluorescence signal measured after incoibatith Cy5-RCA 120.

The Cy3 signal increases very slowly from 0.029.@6uM, followed by a rapid
increase of the relative surface density betwe2s @Gnd 0.5uM leading to a plateau.

Using exactly the same chemistry &A labelled oligonucleotides, Dugesal (251)
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have demonstrated that the surface density of eattglimmobilized amino-modified
oligonucleotides was in the range*010"* molecules.cit. These findings were
confirmed by AFM observations2%2). The measured surface density of e
hybridized target was around 1-4*30molecules.chf. It means that the
hydridization yield is 10-20 % of immobilized prabeOn oxide based substrate, a
similar average hybridization yield in the 10-20%nge has been reported by
Herne@53). It may well be that the saturation plateau ot®édiin Fig3-5a corresponds
to this 10-20% hybridization yield observed by thasthors.

Nevertheless, this result suggested that a coratamtr of only 0.5uM of
oligonculeotide -glycomimetic is necessary to abtgptimal immobilization by DDI.
Thus, the amount of G 3 used for its immobilizatweas only 0.5 picomoles per spot.
After incubation with Cy5-RCA, the same fluorescsignal trend was observed at

635 nm due to the increase in the labelled lectifase density (see Fig3-5b).
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Fig3-5 (a) Fluorescence intensity for Cy3 at 532nabtained after hybridization of G 3 with
concentrations of 0.005, 0.05, 0.5, 1, 5, and 50(d) fluorescence intensity for Cy5 at 635 nm

obtained after recognition with Cy5-RCA 120 used2atM concentration. Adapted from (99)

3.3 Conclusions

In this chapter, it was demonstrated that DNA-dedcimmobilization is an
efficient strategy for anchoring glycomimetics amface using minute amounts of

material as low as 0.5 picomole per spot. The subm® interaction of the DDI

69



immobilized glycomimetics with Cy5 labelled lectRCA 120 led to a stronger
fluorescence signal than covalently immobilizedtsyss. It may well be that the
rigidity of the DNA duplex stands the glycomimesitraight out of the surface or a
denser packing of the probes due to DNA hybridoratis responsible for this

difference, as observed for antibodi241, 253.
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4 COMPARATIVE STUDY OF THE
AFFINITIES OF GLYCOCONJUGATES
TOWARDS PA-IL AND RCA 120
LECTINS

4.1 Introduction and context

Carbohydrate/lectin interactions are generally w@gakhe uM to mM range) due
to the swallow binding site of lectins with halim& of the carbohydrate/lectin
complex in the seconds range28. Decreasing of the Gibbs free energy
(improvement of the binding affinity) requires tealease the enthalpy of reaction
or/and to increase the entropy contribution. This be achieved by three means:

» by stabilizing the complex through additional iateions (decreasing the
enthalpy). This approach is particularly efficieihtthe binding pocket is
well-structured228). For example, hydrophobic amino-acid residuesoéen
present within or near the binding domain of lextifhis is the reason why
great effort have been devoted for the synthesisglgtosides bearing
hydrophobic aglycons 265. Successful examples are the neuramidase
inhibitor zanamivir and oseltanamivi235).

* by pre-arranging the ligand in its active conforim@tprior to its interaction
with the lectin in order to decrease the entropit @28).

* by taking advantage of multivalent ligands (entcopbntribution and the
so-called cluster effect)266). In nature, monovalent interactions between

lectin and carbohydrate are generally weak as emrittbove. However this
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affinity can be increased exponentially as a furctf multivalency providing
that the spatial distribution of the residues mescthe receptor binding sites.
Entropy seems to play a key role in the design witiwalent ligand 257, 258.
Unfortunately, the design of multivalent ligandften an empiric approach.

Herein we have tested glycoclusters with threeediffit geometric characters
(Comb-like, crown geometry and antenna). Comb-dikd antenna glycoclusters were
synthesized according to the methodology reporig8@5, 206, 213 This strategy is
based on a combination of oligonucleotide phosphatiee or H phosphonate
chemistry on solid support and microwave assistedk chemistry. Diols building
blocks eventually bearing pending alkyne functiares assembled through a series of
a standard process of detritylation, coupling, etimh and capping used for the
synthesis of oligonucleotides to give the glycotduscaffold. In the case of antenna
shaped cluster, a dialkyne phosphoramidite builditigk was used. In the case of
Comb-like cluster, alkyne functions were introdudeg oxidative amination of H
phosphonate.

Crown glycoclusters were based on a Calix[4]arecme 08). Calix[4]arenes
can be synthesized in various blocked conformatidhgs providing a series of
well-defined geometries for the display of suggafids. A recent study demonstrated
that N-glycosylated calix[n]arenes of variable vales and geometries are capable of
distinguishing among lectins of a famil®59).

The affinities of all these glycoclusters bearirgDNA-tags were evaluated
towards the lectins PA-IL2600 and RCA 120, galactose-specific lectins from
Pseudomonas aeruginosa and Ricinus communis, tesbhec

Quantitative or semi-quantitative data are usuaigasured by SPRL§7, 170,
261) or through inhibition experiments such agg@easurementd 99, 201, 26 In
this work, two methods have been used in order niestigate the effect of
multivalency on affinity. Qualitative data were alsted on the affinity of the different
ligands for PA-IL and RCA 120 by direct fluorescenead out on DDI glycoarrays.
Moreover, we have developed ansJCmeasurement assay of glycomimetics
immobilized by DDI. The IG, value of glycomimetics was measured with respect t
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their interaction with RCA 120, and using lactoseardnibitor.

4.2 Results and discussion

Most of the following results were adapted frad®8,(99.
4.2.1 Characters of glycoconjugates

Eight glycoconjugates (Glycoconjugate 1, 2, 3,38,6, 7 and 8. see Chapter 2,
Fig2-1) were tested (see Fig 4-1). G 1, a trimaphosnjugate, was expected to be a
negative control, which can not be recognized leyttvo lectins PA-IL and RCA120.
Other seven glycoconjugates were all galactosytatymetics. G 2 and G 3 were
glycoconjugates bearing one or three galactoseduesi with linker 1:
(Cyclohexanedimethanol) and in Comb-like struct@e2a and G 3a are very similar
to G 2 and G 3 respectively, except possessingrdift Linker a Tetraethyleneglycd)

G 6 and G 7 contained four and eight galactoséuesirespectively and supported by

calix[n]arene backbon@®8). G 8 was consisted of ten galactose residuesgng in
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Fig4-1 Sketch map of the structures of eight immtibéd glycoconjugates G 1, G 2, G 3, G2a,
G3a, G 6, G 7 and G 8. Cy3 allows the quality cohtof the DDI immobilized molecules. The

interaction with the Cy5 labelled RCA 120 lectin d\lexa647 labelled PA-IL were probed by
fluorescence scanning. G 1 is a negative controlthwiregard to the two galactose specific
lectins.
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4.2.2 Preparation of DNA-based glycoarrays to probe

lectin—carbohydrate interactions

Our methodology406) included the elaboration steps as fellows:

1) Construction of DNA chips with 52 wells on giasdide.

2) Immobilization of the prepared glycocluster-olgicleotide conjugates
bearing the complementary DNA sequence and therefeent dye Cy3 by
hybridization.

3) Incubation in each well with either the Cy5-RQR0 or Alexa 647-PA-IL

lectins (See Chapter 1 Fig1-10).

Therefore, the 3-amino-oligonucleotides, the segee of which was
complementary to that of the glycoconjugates pmgharwere first covalently
immobilized on functionalized261) 52-well glass slide2@7). Then, the glycocluster
oligonucleotide derivatives G 1(with 3Man), G 2 @ada (with 1Gal), G 3 and G 3a
(with 3Gal), G 8 (with 10Gal), G 6 (with 4 Gal) a7 (with 8 Gal) were hybridized
onto the chip in order to compare their lectin-lomgdproperties. In this part of work,
notice that all glycoconjugates have the same D@ (Sequence 1) except G8
(Sequence 9) (see Chapter 2, Table2A) glycoconjugates bear a Cy3 label. The
Cy3 fluorescent signal relates to the relativearafdensity of the glycoconjugates.

Two DDI glycoarrays a) and b) were prepared for fibléowing study of the
binding affinities with two lectins PA-IL and RCAQZespectively (see Fig4-2).

o 0 0 0 0O 0 0 O
0O 0 0 O0O4G2 0O 0 0 0
0O 0 0 OFG3 0O 0 0 0
0O 0 0 OfC2a 0O 0 0 0
0O 0 0 O4C3a 00 00
o 0 0 O04Gé 00 0 0
0O 0 0 Oo4G7 00 00
o 0 0 o4Gs3 0 0 0 of4G3
o 0 0 0o4G1 0 0 0 004Gl
o 0 0 O—fGa 0O 0 0 O—fGa
o 0 0 ofG7 0O 0 0 OF4G7
o 0 0 o4cs 0 0 0 of4cs
0O 0 0 0 00 00
a b

Fig4-2 Sketch map of DDI glycoarray: a) prepared rfostudy the affinity of all eight
glycoconjugates (G 1, G 2, G 3, G2a, G3a, G 6, éhd G 8) with PA-IL. b) prepared for study
the affinity of five glycoconjugates (G 1, G 3, G® 7 and G8) with RCA120.
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After immobilization of glycoconjugates by hybridizon (4 spots on the same
line per glycoconjugates), scanning of the Cy3rbsoence signal was performed at
532 nm. Fig 4-3 gives the Cy3 mean fluorescena@nsities for each glycoconjugate.
Each column corresponds to the average of thededoralues on four spots.

The figure (see Fig4-3 a, b) displays a homogendwylsidization of all
conjugates on each of the two DDI glycoarrays, pkder G8 (10Gal), which
included an oligonucleotide sequence that was réiffe from that in the other
glycoconjugates. The smallest value of fluoressggmal can provide from either a
bad hybridization yield of the DNA tag with its cptementary sequence or

dimensions of glycoconjugates G 8 hindering thmimiobilization.
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G2 G3 G2aG3a G&6 G7 G3 G1 G6 G7 Gs G3 G1 G6 G7 G8

Glycoconjugates Gly coconjugates

Figd-3 Mean fluorescence intensities at 532 nm (3g.uobtained for the Cy3-labeled
glycoconjugates on two DDI glycoarrays: a) preparddr study the affinity of all eight
glycoconjugates with PA-IL; b) prepared for studyd affinity of five glycoconjugates with
RCA120.

4.2.3 Study of the affinities of glycoconjugates with
PA-IL and RCA120

We next studied the interactions of the differehtcgconjugates mentioned
above with two different galactose-binding lectil®A-IL (260) (Pseudomonas
aeruginosdectin) and RCA 120Ricinus communis agglutininPA-IL and RCA 120
properties and structures are described in Chdptér2.2 and 1.2.3 PA-IL was
labeled with Alexa 647 whereas RCA 120 was labalitd Cy5.
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Incubation with PA-IL:

After immobilization of glycoconjugates by hybridizon, the Alexa 647-labeled
PA-IL was deposited in each well at 2.8 uM concaian (monomer), and after
incubation for 2h and washing of the glass sliddlhnwiween 20 in PBS solution (0.02
%), the chip a) was scanned at 532 and 635 nm.fllbeescence signal of each
conjugate was determined as the average mean shieree signal of four spots (see
Fig4-4). The fluorescence image of Cy3 (see Figdeft) showed that the
glycoconjugates were still present after lectinuiation, whereas the fluorescence
image of Alexa647 (see Fig4-4, right) was obserasda result of the binding of
PA-IL with glycoconjugates.

The relative affinities of PA-IL towards the glyaogugates can be directly
monitored through the intensity of the Alexa 64uoflescence signal (see Fig4-5).
This signal was at background level for the mansmssing glycoconjugate G
1(3Man) whereas a significant fluorescence was rebdefor the corresponding
galactose derivatives G 2, G 3, G 2a, G3a and Gddemonstrating a selective

affinity of PA-IL.
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Fig4-4 Fluorescence images recorded at 532 nm Jleftd at 635 nm (right) after incubation of
immobilized all eight glycoconjugates (G 1, G 2, & G2a, G3a, G 6, G 7 and G 8)
glycoconjugates with Alexa 647-labeled PA-IL on Dlycoarray a).
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Fig4-5 Mean fluorescence intensitie@fter correction) at 635 nm (a.u.) of Alexa 647Haled
PA-IL after incubation with immobilized glycoconjugies G 1, G 2, G 3,G 23,G 3a,G6,G 7

and G 8.

As previously observed with RCA 12Q06), glycoconjuguates possessing three
galactose residues (G 3 and G3a) had better aniowards PA-IL than those with
only one residue (G 2 and G2a), due to the expechester effec?40, 257.
Surprisingly, lower affinities were observed whée humber of galactose moieties
was increased. Thus, the deca-galactosyl conjuGa& displayed a fluorescence
signal weakened by a factor of two, whereas foh lgbgcoconjugates G 6 and G 7, as
well as for the negative control G 1, they werdatkground level, thus indicating
that G 6 and G 7 did not have affinities towardsIBAectin (see Fig4-4 and Fig4-5).
Actually, it was expected that PA-IL should recagnG 6 and G 7 highly effectively,
because they each featured a triazole fiFD-linked to the galactose moiety, a
molecular motif closely related to phen§4D-galactoside, the most potent known
ligand for PA-IL. Two possible explanations for ghfinding can be advanced by
considering either: 1) that steric hindrance mighise, or 2) that glycosylated
calixarenes can sequester calcium ions, thus remgdhiem from the binding site of
the lectin. 'H NMR experiments were therefore carried out to leata the
complexation abilities of calix[4]arene-based glglasters toward calcium (Il) ions
by addition of anhydrous Ca (CJ}2 (98). Controlled experiments were performed
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with Na CIQ,. It was found that addition of anhydrous Ca (§4@ the solution of
calix[4]arene-based glycoclusters in €D, lead to upfield shift of aromatic protons
and from the triazole ring while protons from thenter of the spectrum (4.5-37 ppm)
shifted downfield. The cation selectivity of theeognition process was confirmed as
no significant shift was observed with NaGIl@ the CRROD solutions. It suggested
that both glycoclusters can complex?Cmns when installed on the oligonucleotide
chains and exposed to the lectin. This conclusantrasted with the finding that no
molecular recognition was detectable even on irstngethe amounts of calcium ions
in the tris/HCI buffer used instead of phosphatédou Therefore, we conclude that
calcium sequestration cannot be taken as a caassffiect for the lack of binding of
G 6 and G 7 to PA-IL lectin. At this stage a comury explanation for that
observation is open to conjecture and may ratheelaéed to steric hindrance. Indeed,
other groups have observed strong affinity betwe@nlL and calix[4]arene-based
glycoclusters. In this case, longer linker betwesatix[4]arene and carbohydrate
residues were usedg3).

These data showed that PA-IL recognizes glycoalsisteth Comb-like spatial
structures more efficiently than it does those vaititenna (G 8) and calixarene (G 6
and G 7) structures. This result suggests that dose proximity between the
galactose moieties has a negative effect on thegrgiton by PA-IL. In addition, G 8
carried 5 negative charges. Under our experimergaditions (pH 7.4), PA-IL (pl
4.94) was negatively charged, and therefore etepulsion between G 8 and PA-IL

can not be excluded.

Incubation with RCA 120:

A literature overview about RCA 120 can be found dhapter 11.2.3.
Cyb-labeled RCA 120 was deposited in each well @ 2concentration. After
incubation and washing of the glass slide with Tiw2@ in PBS solution (0.02 %), it
was scanned at 532 and 635 nm. The fluorescencgeimflCy3 (see Fig4-6, left)
confirmed that the glycoconjugates were still présdter lectin incubation, whereas
the fluorescence image of Cy5 (see Fig4-6, righdp wbserved as a result of the
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binding of RCA 120 with galactose residues.

b

Fig4-6 Fluorescence images recorded at 532 nm flefbd 635 nm (right) after incubation of
immobilized glycoconjugates G 1, G 3, G 6, G 7 &BdB with Cy5-labeled RCA 120 on DDI

glycoarray b).

In previous studies, Chevolet al (206)had investigated the binding affinities of
G 2, G 3, G 2a and G 3a with RCA120 and observad@h3 bearing three galactose
residues with linker DMCH showed the most signfficafluorescence signal.
Therefore, herein we chose G 3 as a positive cbofrahe study. In Fig4-7, the
fluorescence signal of each conjugate was detedniage the average of the
fluorescence signals of four spots. The Cy5 sigmad at background level for the
mannose-bearing glycoconjugate G 1. On the conttarthe data obtained with
PA-IL, we found that all galactosylated glycocorgtes were able to bind RCA 120
including calix[4]arene based glycoclusters. Theenalar recognition of the sugar
ligand by the lectin was not prevented by calixarsnaffold nor triazole linker. The
glycoconjugate G 7, bearing eight galactose residdisplayed an affinity similar to
that observed for G 3, featuring only three galsetonoieties. The ratio of the
intensities of the Cy5 signals for G 7 and G 6 viasthe 1.2-2 range (from
independent experiments), whereas the ratio ofjil@ctose residues linked to these
glycoconjugates was 2. Surprisingly, RCA 120 bowvith a lower affinity to the
compound G 8 bearing ten residues in an antenredbssatial arrangement. These
results indicate that the three-dimensional ortemaof the sugar units is more

important than their number. In fact G 3, bearihgeé¢ galactose residues in a
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Comb-like arrangement, was the most potent ligamdod the five glycoconjugates
tested in this study. In the case of RCA120, thergh effect (e.g. electric repulsion)
can not be evoked. RCA120 (pl 7.5-7.9) is almositna¢ at pH 7.4.
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Glycoconjugates

Fig4d-7 Mean fluorescence intensities (after corremt) at 635 nm (a.u.) obtained for
Cyb5-labeled RCA 120 after incubation with immob#id glycoconjugates G 1, G 3,G 6, G 7 and

G 8.

4.2.4 Determination of IG, values for glycoconjugates G

6, G 7, G 2 and G 3 interaction with RCA 120

In order to provide a semi-quantitative analysighaf binding affinities between
lectin RCA 120 and glycoconjugates G 2 (monogak&itq G 3 (trigalactose), G 6
(tetragalactose) and G 7 (octagalactose) the gonesng 1G, values were measured
as reported in199). After the immobilization of the glycoconjugatés 2, G 3, G 6
and G 7) on the slides by hybridization, each spag individually incubated with
Cy5-labeled RCA120 (final concentration 2uM) andr@asing concentration of
inhibitor (lactose, final concentration 0.05uM tm®l). After incubation and washing
with Tween 20 in PBS solution (0.02 %), the chipevscanned at 532 and 635 nm
(see Fig4-8).
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Fig4-8 Typical fluorescence images obtained at 58&h (left) and 635 nm (right) after
incubation of glycoconjugates with Cy5-labeled RCR0 and increasing concentrations of

lactose. Adapted from (98) (This chip correspondgiie G7 glycoconjugate).

The interaction of RCA 120 with glycomimetics G@,3, G 6 and G 7 was
inhibited by lactose, thereby confirming the spety of the interaction. Ig values
is defined as the concentration of lactose requmetkecrease by 50% Cy5 fluorescent
signal related to Cy5- RCA 120 conjugate bounchitmmobilized glycoconjugates
on the slide. Fluorescence images at 635 nm wedsenelol after washing of the glass
slides to remove the unbound lectins. Each exper@ahg@oint is an average value of
four spots. The Cy5 fluorescence intensities wetsulated against logarithmic
lactose concentrations (see Fig4-9). The Malues for glycoconjugates G 2, G 3, G 6
and G 7 are displayed in Table 1. Thegl@alue measured for molecules G 2 and G 3
was the same whatever concentration was useddwrithmobilization (0.5 or 1uM).
The 1G5, values found here are comparable with those obdeny Kunoet al (264)
when they used a lectin microarray {§G94uM) for asialofetuin (2 nM) using

lactose as an inhibitor.
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Fig4-9 Determination of 1G, values using carbohydrate microarrays. Concentaais of lactose
required to inhibit 50% of RCA 120 binding to glyconjugates G 2, G 3, G 6 and G 7.
Fluorescence intensity for Cy5 at 635 nm obtainefiea recognition between glycoconjugates
and RCA 120 with concentrations of inhibitor (lacse) of 0.05, 0.5, 1, 5, 100, 500, 1000, 2000,

3500, 6000, 9000uM.

Glycoconjugate  Valency ICso (UM) p%(teé%t(i:v ] P%‘j%%gggr
G2 1 5.6+2.8 1 1
G3 3 385 + 45 69 23
G6 4 114 + 14 20 >
G7 8 305 + 22 54 7

Table4-1 1G, of glycoconjugates-RCA120 binding

» [a] Calculated as the ratio of monomer glycoconjuga te to other glycoconjugates IC 5o values.

» [b] Calculated as the ratio of relative potency to the number of galactose residues.
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According to the measured J€values, a nearly 23-fold increase in potency
toward RCA120 per galactose residue was obserosd @ 3 to G 2 (see Table 4-1).
In the absence of lactose, the ratio of the Cy&réacence signal between molecule G
3 and molecule G 2 is below three, as observedqusly(206). Hence, the resulting
potency per galactose residue determined by digmtescent scanning is similar for
G 3 and G 2. I measurements also confirmed that RCA 120 had itésnfor
compounds G 3 and G 7 in the same range. MoretheitGs, value for G 7 was 2.7
times higher than that for G 6, leading to an #ffiper residue increased by a factor
of 1.3, whereas values in the 1.2-2 range wereirdatawhen analyzed by
fluorescence of Cy5 (see Fig5-6). These dependencie¢he magnitude of the cluster
effect with the assay have already been reportéakifiterature Z57).

Our strategy is based on a qualitative assay ubmd@juorescence signal to select
good candidates for targeting a desired lectin. dffiaity of the selected candidates

will then be further studied more closely usingttiso measurement assay.

4.3 Conclusions

Each class of galactose cluster (Comb-like, cadmar and antenna) was
recognized with different affinities by PA-IL andCR 120 lectins. Our results
showed that the spatial arrangement was more i@potttan the number of galactose
residues, because the Comb-like trivalent clus{érs3) were better able to bind
lectins than antenna (G 8) and calixarene (G 6@Q ones with ten, four, and eight
galactose moieties, respectively. Furthermore, Wwewed that PA-IL is more
selective than RCA 120, because galactosyl-calreaderivatives G 6 and G 7 were
not recognized by PA-IL. The difference in affin@f PA-IL towards comb-like (G 3)
and antenna (G 8) structure may also relate togeheffect (e.g. electric repulsion).
To determine impact of different parameters, epatial arrangement and charge
effect, specific studies will be described in cleafs.

The importance of the spatial arrangement of tlyeaglide residues in the lectin
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recognition process has been assessed for theglg@iprotein receptor206, 265,

266). We found that the trigalactose cluster with taegest distance between the
sugar residues presents the optimal recognitk8%)( The recognition study was
performed by direct fluorescence scanning and byd#termination of the Kgvalues,

with both techniques leading to similar results.isThCso assay performed on
glycoarray, using tiny amounts of glycomimetic aledtin, can be miniaturized,
unlike conventional methods (ELLA or ELISA), whiclequire a large amount of
glycomimetics. The synthesis of the glycoconjugatmdd therefore be performed on
a fairly small scale, but the miniaturization thgbuthe microarray technology

provided the biological data for a complete study.
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5> DEVELOPMENT OF MINIATURISED
ANALYTICAL BIOSYSTEMS BASED
ON DDI GLYCOARRAY

5.1 Introduction and context

Miniaturized analytical systems and microarrays kag technologies for major
breakthroughs in the fields of biology and biotedbgy, including diagnosis and
drug discovery. Such systems offer the perspeabivénigh throughput analysis,
improved lower detection limits, lower sample anehgent consumption, and
increased signal to noise ratios. Due to the ldigersity and the limited amount of
available carbohydrates and glycoconjugates, tlsees urgent need for developing
high throughput glycoarrays and miniaturized bitsyss.

As described in the previous Chapters, based oDiMeglycoarrays which were
fabricated on the glass slide featured with 52 doumcrowells (see Chapter 2,
Fig2-2), it was demonstrated that:

1) DDI glycoarrays are efficient tools to study tineraction of glycomimetics
bearing different number of galactoses in varigpatial arrangements witRicinus
communis agglutinii20 (RCA120) an®®seudomonas aeruginogectin (PA-IL) 08,
99, 20§.

2) Although the inherently weak, carbohydrate-kecinteractions can be
compensated and enhanced by multivalency and &lusifect” 66, 263. The
comparison studies on DDI glycoarray had proved tha polyvalency, the spatial
presentation and arrangement of the glycomimetigsnaportant factors for the lectin
binding capacity48).

3) The IGp values of different glycomimetics with RCA120 wewdso
successfully determined on the DDI glycoarrg@,(99.

4) The DDI method can be performed following twdfatient approaches as
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described inZ06). The “on-chip approach” uses glycomimetics imntizbd on the
chip and subsequently allowed to specifically iatérwith a lectin, and the second
one, called the “in-solution approach”, where tligcgmimetics and the lectin are
allowed to interact in solution prior to DDI of thvéhole complex. Surface chemistry
can affect the overall results (ligand to protefimdy)(267, 268, as well as surface
density and the organization of the probes. Thestilution approach” was expected
to reduce some of these limitations.

However, in those previous studies, only one DN@ussce was immobilized at
the bottom of each microwell of DDI glycoarray atidis one single glycomimetic
was incubated with the lectin for interaction sasdin each microwell. In order to
improve the high throughput ability and capacityDidl glycoarrays, to reduce the
required materials/experiments and to perform sdveglycomimetic/lectin
interactions in parallel in one reactor (microwelhew DDI glycoarrays or
miniaturized analytical systems needed to be dedigmd fabricated. These devices
should allow multiplex analysis in one single migasl under the same experimental
conditions and with the same surface chemistry.

In this chapter, further developments of DDI glycags are reported taking
advantage of the specificity of DNA hybridizatioar fmultiplexed assays. Thus in
principle, the two DDI strategies “on-chip approaend “in-solution approach” can
be performed with multiple glyconjugates per micediw In Fig5-1 (“on-chip”),
different glycomimetics bearing different ssDNA $agiere immobilized onto the
bottom of one microwell of the glycoarray by hyliz@tion with the corresponding
complementary ssDNA sequences printed on the sudathe microwell. Then the
lectin can be added to the microwell for bindingthe glycoconjugates. In Fig5-2
(“in-solution”), different glycomimetics bearing fterent DNA tags were mixed in
solution with lectins, each glycomimetic interagtiwith its specific lectin and the
resulting complexes would be sorted, accordingh@artDNA tags, at the surface of

microreactor bearing immobilized complementary Dddfuences.
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Figh-1 Sketch map of “On —chip approach” of miniatized biosystem: a) Immobilization of
different single-strand DNAs (fabrication of DNA dh). b) Immobilization of glycoconjugates
bearing different DNA tags by hybridization. c¢) Bamical recognition of glycoconjugates

towards lectins.
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Figh-2 Sketch map of “In —solution approach”. a) Imobilization of different single-strand
DNAs (fabrication of DNA chip). b) In-solution bialgical recognition of glycoconjugates
bearing different DNA tags towards lectins. ¢) Imiidization of glycoconjugate/lectin complex

by hybridization.
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Firstly, as a proof of concept, a miniaturized ggiem (Mb I, in abbr.) was
fabricated. Two ssDNA sequences were printed ermditive lines of eight spots on
the bottom of each microwell. In order to valid#éte “in-solution approach” concept
in this miniaturized biosystem (Mb 1), two lectiafbohydrate recognition models:
RCA120/Galactose and PA-IIL/Fucose were tested.

Secondly, 7 new glycoconjugate affinities (see @rap, Glycoconjugate 10-16)
were screened against RCA 120 and PA-IL in parabelch molecule beared 4
galactose residues arranged in various specialtstas, with different hydrophilic or
lipophilic character and different charge. The deped miniaturized biosystem (Mb
I, in abbr.) permitted to immobilize 8 differentygomimetics (or complexes of
glycomimetics/lectins) bearing different sSDNA tag one single microwell by
hybridization with 8 different complementary ssDNs#equences printed on the
surface of each microwell. First, cross-hybridiaattests of each glycomimetics with
all the covalently immobilized ssDNA sequences wegeformed in order to access
the specificity of the hybridization. Then, bindiafinities of these glycomimectics
towards RCA120 and PA-IL adopting the two DDI methd“on-chip approach” and
“in-solution approach”) were studied.

Finally, based on the developed miniaturized bitesys(Mb 1), quantitative
analyses (Ig values determination assay) of binding affinitads5 glycomimetics

toward PA-IL lectin were simultaneously performadane single chip.

5.2 Development of miniaturized biosystem based on
DDI glycoarray

In this section the aim is to establish the fedigjpbof a multiplexed test of the

“in-solution” DDI with two different glyconjugatesA model microsystem Mb | was

fabricated.

The results of this section were mainly adaptethf(®7).
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5.2.1Fabrication of DNA anchoring platform

Two different glycomimetics (see Chapter 2, Glyagagate 3 and 9) bearing a
specific DNA tag were synthesised: a tri-galact@ggytomimetic (3Gal, in abbr306)
and a tetra-fucosyl glycomimetic (4 Fuc, in abbr.).

Microwells were fabricated on borosilicate glasslesd using photolithography
and wet etching247, 269 leading to 40 square microreactors (3.2 x 3.2 rpar)
slide with a 65 mm depth (see Chapter 2, Fig 2-2N&xt, the glass slides were
functionalized into ester activated surface251f. Two 3’-Amino-linker
oligonucleotides Sequence 1(Seql) and Sequenced®)$see Chapter2, Table2-4),
complementary to ssDNA tag of the two glycomime@¢zal and 4Fuc respectively,
were printed at the bottom of each microwell froBuld solutions, leading to their
covalent immobilization. The final microwells diggked alternate lines of sequence
Seql and Seq9 of 8 spots per line with 64 spotsnperowell (see Fig5-3). The
resulting analytical miniaturized biosysteme (Mipdtentially allows 40 independent
experiments to be performed on one slide with sarmplumes between 0.5 tql2
per experiment (e.g. different lectins/viruses&al inhibitor concentrations in an
ICso determination assay). Furthermore, thanks to tipecicity of DNA
hybridization, the analytical system can be enwistb as a molecule sorting tool
enabling biomolecular interactions to be performedsolution with very minute

volumes and the resulting complexes to be sortedrdmg to their tags (see Fig5-2).

5.2.2Validation of the analytical tool

In order to first validate the biosystem and theimtplement the microsystem for
large multiplexing analysis, we studied the intaémac of two different lectins:
RCA120, a galactose specific lectin, and PA-6(Q), a fucose specific lectin, with
glycoconjugates 3Gal and 4Fuc bearing galactosefwubse residues, respectively
(see Fig5-3 and Fig5-4). We expected that 3 Galaat with RCA 120 whereas 4 Fuc

specifically bind with PA-IIL. Six conditions (Cortebn1-Condition6) were tested
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(see Fig5-3). 3Gal was incubated in solution wiyb @abeled lectin RCA120 (see
Fig5-3, Condition 1) or with Alexa647 labeled lec®A-IIL, (see Fig5-3, Condition

2), respectively, and then the interaction mixtutegand 2 were deposited in the
corresponding microwell. Under Conditions 3 and3&al was replaced by 4Fuc.
Finally, under Conditions 5 and 6, both 3Gal andictkvere incubated with either
RCA120 or PA-IIL, respectively.

Conditonl —1 [ OO0
Conditon2? ——Z OO O
Condition 3 —1+—{3] ooo

Condiiond — @ OO0 seoccsse DNA Hybridization

Conditions ——1 O O |< ::::::::

Conditions ——E1 000 :::::::: * Sequence 1 ———— 3Gal+ RCA120
oooo secessse » Sequence 9 —X—— 4 Fuc + PA-IL
oooano
oooo
ooon

Fig5-3 Sketch map of miniaturized biosysteme (Mb Ih theory, the Complex of “3Gal +

RCA120" and “4Fuc + PA-IIL" can be addressed to théottom of the microwell by

hybridization with Sequence 1 and Sequence 9 refipely ( modified from (97)) .

»  Condition 1: incubation of 3Gal with RCA 120

»  Condition 2: incubation of 3Gal with PA-IIL

»  Condition 3: incubation of 4Fuc with RCA120

»  Condition 4: incubation of 4Fuc with PA-IIL

»  Condition 5: incubation of 3Gal and 4Fuc with RCA1D

»  Condition 6: incubation of 3Gal and 4Fuc with PA-IIL

As already noted, our system uses a dual readotlhas Cy3 and Cy5 (or Alexa
647) fluorescence signals are related to the seirdeosity of the glycomimetics and
to the lectin surface density, respectively. Aasttated in Fig5-4 and quantified in

Fig5-5 (top), the surface densities of immobilizewlecules related to the Cy3
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fluorescence signal are comparable independentlyhef DNA sequence or the
structure of the glycomimetics and are only obsgrig@ complementary sequence
spots. Thus, 3Gal and 4Fuc were selectively adededsy hybridization to
immobilized Segl and Seq9, respectively. IncubatibB8Gal with Cy5-RCA120 or
with Alexa 647-PA-IIL gave a significant fluoresa@@nsignal (860 a.u.) at 635 nm
only when RCA120 was present under condition 1 .(Bp, top). Likewise, in
conditions 3 and 4, 4Fuc was only recognized byllPAwith a very strong
fluorescence (3500 a.u.) under condition 4 (Fig5-4)

These results demonstrated the specific recognitib 3Gal and 4Fuc by
RCA120 and PA-IIL, respectively. Furthermore, thisrao non-specific adsorption of
both lectins on the chip since a fluorescence $ighé&0 a.u. comparable to the
background signal (40 a.u.) measured when 3GaFoc #vere not present (with their
target lectin).

Finally, when 3Gal and 4Fuc were incubated togethér Cy5-RCA120 (Fig5-4,
Condition 5), the Cy3 fluorescence signal was simibn lines Seql and Seq9
illustrating that both molecules were correctly @$ded, but fluorescence at 635 nm
(Cy5 or Alexa 647) was only observed for line Sedtile it remained comparable to
background level on line Seq9. This result demaiss$r that the RCA120 lectin
specifically recognized 3Gal from the mixture of 8Gand 4Fuc and that the
lectin—glycoconjugate complex was efficiently adsed to the desired spot in the
microwell due to the specificity of DNA/DNA hybrigation. A similar result was
obtained with PA-IIL (Fig5-4, condition 6), wherkeet Alexa 647 fluorescence signal
was only observed on Seq9 lines where 4Fuc wasdgéd.

These results showed that the two specific recmgst (RCA120/3Gal and
PA-IIL/4Fuc) were successfully performed and welteessed onto the miniaturized
biosystem, which demonstrated the proof of concepthe following studies, more

complex and larger multiplexing test would be perfed.
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3Gal + RCA120 —>

1 2

- — T
3 4
5 6

4Fuc + RCA120 —

3Gal + 4Fuc + RCA120 —

LXILllL L]
L3

# Sequence 1

® Sequence 9

Figh-4 Fluorescence images recorded at 532nm (a.of)the glycoconjugates (green color):
Cy3-labeled 3Gal or 4Fuc, and at 635 nm (a.u.) bétlectins (red color): Cy5-labeled RCA120

or Alexa-labeled 4Fuc. (Modified from (97))
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Figh5-5 Mean fluorescence intensities of Cy3-label@d@al or 4Fuc (at 532nm) and Cy5-labeled

RCA120 or Alexa-labeled 4Fuc (at 635 nm) abstairfeain condition 1-6. (Modified from (97))
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5.3 The use of developed miniaturized biosystem for

studying the lectins/glycomimetics affinities

Our aim in section 5.3 was to study the affinityseten glycoconjugates towards
the lectins RCA120 and PA-IL in a multiplexed testother words to probe in one
single microwell the all seven glycoconjugatesdoe lectin. To achieve this goal we
needed to:

1) define seven DNA tags for each glycoconjugate;

2) immobilize all the seven sequences which areptementary sequences of the
DNA tag of the glycoconjugates at the bottom ofhexicrowell;

3) insure that each glycoconjugate would be spmdifi addresses by
hybridization with its complementary sequence unter-chip” and “in-solution”
approach experimental condition;

4) insure that hybrization would perform with siarilyield under “in-solution”
and “on-chip” approach experimental condition.

Next the binding affinities of each lectin for tlseven glycoconjugates was
probed in one single experiment in one microweld dmally the 1Gy of five
glycoconjugates was determined in a multiplexed {@s other words, in one
microwell, five glycoconjugates were incubated wotie lectin and one concentration
of inhibitor). The IG, test was based on the “in-solution” approach ahgw
determining the Ig of the five conjugate on one single slide withgomles of

lectins and glycoconjugates.

5.3.1Fabrication of DNA anchoring platform

Six new Cy3 labeled tetra-galactosyl glycomimetsaiting different ssDNA tag
were synthesized (Glycoconjugate 10 — 15, see €haptrig2-1 and Table2-1). The
six new glycoconjugates as well as 3Man and 3Geak (€hapter 2, Fig2-1,

Glycoconjugate 1 and 3) were prepared for the ¥ahg study.
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In order to perform multiplexed test of the affie of seven glycoconjugates
towards the lectins in one single microreactor (owell) of the DDI glycoarray, the
key issue is to make sure that all the seven gbmogates could be well addressed to
the desired positions and display homogeneous caurfdensities on the DDI
glycoarray. Therefore each glycoconjugate shoular laespecific ssSDNA tag. Each
specific tag (noted Cseq) would be complementagotoesponding ssDNA sequence
printed at the bottom of the microreactor for amoip the glycoconjugate by
hybridization. That is to say, in one single mie@ctor at least seven different sSSDNA
should be printed for anchoring the seven glycasgeties. The main challenge is to
find out a set of DNA sequences that are able tmblgt anchoring those
glycoconjugates under the same experimental comditwith equivalent yields of
hybridization and without cross-hybridization. Frahe DNA database of our lab,
cross-hybridization tests were performed for foemtessDNA sequences and their
complementary sequences, of which 8 sequences €Beg[l-8, see Chapter 2,
Table2-4) were chosen for the fabrication of thE8¢A anchoring platforms. As
shown in Table2-4 (see Chapter 2), the eight sempsealmost have the same length
and have melting temperatures ranking from 50°€C6 This implies that under
our experimental temperature (RT or 37°C), the Diéifplexes of those sequences
should be stable. The other influencing factortfa stability of the hybridization is
the GC-ratio. Due to the lower stability of AT th&C pairs, usually the higher the
GC-ratio is, the more stable the hybridizationTiserefore in theory, Sequence 1 with
GC-ratio of 72.2% and Sequence 7 with GC-ratio2¥%0 should be the most stable
and unstable sequence respectively, while otheueswg almost share the same
moderate level. It should be noticed that the shiten observed between the
theoretical calculations and experimental resulikis is the reason for which

experimental validation was first required.
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Fig5-6 Sketch map of DNA anchoring platforms of Mih: Sequence N (negative control) and
Sequence 1-7 were printed on the bottom of eachraviell resulting in one column and eight

spots for each sequence, 64 spots in all.

Based on the miniaturized biosystem (Mb [), a newiaturized biosystem (Mb
II) was set up. The DNA anchoring platform Mb Isalhad 40 square microwells and
was fabricated on borosilicate glass slides udiegsame method as described before
(see Chapter 2 Fig2-2 b). Eight 3’-Amino-modifiedNA sequences (Sequence N,
Sequences 1 to 7, see Chapter2 Table 2-4) werdedpat the bottom of each
microwell with a Biorobotics MicroGrid microarrayeé8equence N was considered as
a negative control for estimating the non-speciidsorption because any tag
complementary to sequence N was not used duringriements. The resulting
microwell featured with 8 spots (one column) pegusnce, 64 spots per well.

Therefore, each microwell on the glass slide caregarded as a mini DNA chip.
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Name of ssDNA

Internal reference GCx%® Tm?®
Complementary sequences
Cseql Czipl.1.1 66.7 54.7
Cseq2 Czipl.7.1 36.8 49.6
Cseq3 Czipl18.1 52.6 59.4
Cseq4 Czipl19.1 57.9 59.6
Cseq5 Czip 1.10.1 46.7 44.0
Cseq6 Czip1l.11.1 31.6 44.7
Cseq7 Czip1.14.1 26.3 46.7

Table5-1 Main characters of sSsSDNA complementary seqces carried by the glycoconjugates and notedqdse Cseq?7.

Cseql to Cseq7 are complementary sequences of 8e§éq7 listed in table2-4(see Chapter 2) respebtiv

GCx?*and TrP were calculated by on-line software Primer3 (#biotools.umassmed.edu/bioapps/primer3_www.cgi)



5.3.2Cross-hybridization tests of glycoconjugates

As mentioned before, each microwell of Mb Il can led as a tiny DNA
anchoring platform (mini DNA chip). Therefore, MbHas the potential to perform a
parallel study of the interactions of 7 differedyapconjugates bearing different 7
DNA tag (see Table 5-1) with its targeted lectinoime single microwell. To achieve
such a goal, the prerequisite is to make sure #aah glycoconjugate can be
addressed to its corresponding spots by correatidightion with its complementary
ssDNA sequences printed on the surface of the mafoHowever, when the mixed
solution of different glycoconjugates with varioDNA tags are deposited into the
microwell, cross-hybridization may take place beiweDNA tag of the probe
(glycoconjugate) and non-complementary sequencesepted on the surface of the
microwell. The cross-hybridization can be an esgBcisevere problem and a
significant contributor to false-positive noise.08s-hybridization assays are, thereby,
very important and essential works prior to theestigation of interactions between
the probe (glycoconjugates) and the target (e.ctinle In addition, nonspecific
adsorption of the glycoconjugate (or lectins) méspaesult in serious measurement
error, so that a negative control sequence is sacg$o be printed onto the surface of
microwell for monitoring the nonspecific adsorpson Moreover, for a
cross-hybridization assay, each glycoconjugatetisolushould be added into each
microwell of Mb Il respectively, which means thhetpresence of one glycoconjugate
per microwell should be guaranteed. However, aftembation of glycoconjugate, the
slide needs to be washed. During the washing stiyes,glycoconjugates from
different microwells may contaminate adjacent miaet leading to false
cross-hybridization results. In order to tacklestproblem, during the glycoconjugate
incubation processes, complementary sequences withoy fluorescent label (see
Table5-1) were employed to block the sequences witich the glycoconjugate are
not supposed to hybridize.

In this context, two cross-hybridization tests wedesigned and performed on the
DNA anchoring platform (see Fig5-6) under the twdDIDglycoconjugates
hybridization conditions (“on-chip” and “in-soluti® methods). Indeed under the
“on-chip” condition, hybridization is conductedrabm temperature in Saline Sodium

Citrate 5x Sodium Dodecyl Sulphate 0.1 % bufferlevhi performed in phosphate
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buffer saline (pH 7.4, 37 °C) in the “in-solutio@pproach (due to the presence of

lectin).

5.3.2.1 Cross-hybridization tests under “on-chip” condition

Under “on-chip” glycoconjugate hybridization condit, firstly the
cross-hybridization tests were carried out on DNAcheoring platform at three
concentrations of glycoconjugates: 1uM, 0.5uM ariquM. Fig5-7 gives the sketch
map of cross hydridization assay. The glycoconggated in these experiments were
nommed molecules: from molecule 1 to molecule 7,iclwhcorrespond to
Glycoconjugate 1, Glycoconjugate 11, Glycoconjugd® Glycoconjugate 13,
Glycoconjugate 10, Glycoconjugate 14, and Glycoegaje 15 respectively. These
seven molecules with their respective DNA tag (QseqCseq7) can hybridize with
their corresponding sequences (sequencel to sex)eoavalently immobilized at
the surface of the microwell.

From condition 1 to condition 7 (see Fig5-7), atML each of the seven
molecules was added into the relevant microwelbagzanied by six oligonucleotides
corresponding to the other complementary sequef€esgs). In other words these
six oligonucleotides consisted of DNA sequencefeiht from the one of the added
glycoconjugate. For example, in condition2 mole2weas added into microwell 2
with six Cseqs: Cseql, and Cseq3 to Cseq7.We 1thedlthese Cseqgs did not carried
fluorescent groupement.

Likewise, for condition a-g and condition A-G, thenolecules and
complementary sequences were added into the comésy microwells using the
same method as condition 1-7, but at different eatrations: 0.5uM and 0.1uM.

For condition I, however, all seven molecules wenexed together and
deposited into each microwell.

After about 3h of incubation at room temperatuhe, $lide was scanned at 532
nm with the GenePix 4100 microarray scanner. Feamece image (see Fig5-8) and
mean fluorescence intensities (see Fig5-9) wererded. The Fluorescence intensity
of each glycoconjugate was determined as the aeemagan fluorescence signal of
eight spots in one column. As shown in Fig5-8, dach microwell of Condition I,

Cy3 signal was observed for the seven columns atsspvhich printed from

99



Sequencel to Sequence7 respectively, no signals detected from the negative
control Sequence N, which demonstrated no non-Bpecadsorption of
glyconconjugates. In the case of conditions 1-&ddmns a-f and conditions A-F, for
which only one single molecule (moleculel to molec6) was added into each
microwell, Cy3 signals was detected for only ondugm for each microwell,
whatever concentration was used (1uM, 0.5uM andNd)1 Moreover, the positions
at which the Cy3 signals for every molecule (moletuo molecule 6) appeared in
each microwell of conditions 1-6, conditions a-tlaronditions A-F perfectly matched
the positions of the complementary sequences i @sicrowell (see Fig5-6) It
indicated that under conditions 1-6, conditionsaad conditions A-F, each of the six
molecule (molecule 1 to molecule 6) were correatlgressed to the desired spots by
hybridization. For example, under Condition 2 unedrich only molecule 2 was
added, Cy3 signals of 8 spots (one column) werectl in microwell 2, the
positions of the 8 spots was just where the Sequ2meas illustrating that molecule 2
was well addressed. Furthermore, the mean fluonescatensities of each of the six
molecules which hybridized with its correspondirgmplementary sequences were
very strong comparing to those hybridized with othen-complementary sequences,
about 8000 a.u.-25000 a.u. for the former, and s8Mhea.u.-200 a.u for the latter
which is comparable with the fluorescence inteesitfor the negative control
sequence N (30 a.u.-80 a.u.) (see Fig5-9). The wHtifluorescence intensities of
specific versus non-specific hybridization (hersjecific hybridization means the
glycoconjugate was specifically immobilized to thesired spots by hybridizing with
its corresponding complementary sequence) for Mibded- Molecule 6 have been
calculated to be about 104@ee Table5-2), so that the cross-hybridizatiorite six
molecules (molecule 1 to molecule 6) were almostligible. However for
Molecule 7, under Condition 7, Condition g and Gtod G, Cy3 signals were
detected not only from Sequence 7, but also froqu&ece 6(see Fig5-8). The
fluorescence intensities obtained for Molecule 7AcWwhybridized with Sequence 7
were higher than those obtained for the same miglectoss-hybridized with
Sequence 6 (see Fig5-9). Interestingly, with desingaconcentration of molecule 7
from 1 uM to 0.1 puM, the ratio of specific/non-siiechybridization increased from
2.4 to 12 (see Table5-2). Another interesting olzgteyn is that although the
concentration of Molecule 7 was reduced to 0.1, mean fluorescence intensities

are quite similar to those obtained at 1uM and BLggee Fig5-9, Fig5-10). However,
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for most of other six molecules, as the concemmatiecreased the mean fluorescence
intensities were not stable, especially for Molecdl and Molecule 5 (bearing 3
mannoses and 4 galactoses in comb-like structspectively), a sharp drop-off were
observed (see Fig5-10). At 1uM, the mean fluoreseemtensities displayed a
homogeneous value (20000-25000 a.u.) for all thesrsemolecules (see Fig5-9,
Fig5-10), indicating that the relative surface dgnsf the seven glycoconjugates

were comparable.

"On-chip” approach

D D D D DNA Hybridization
ogooao
E ® Sequence 1 = Molecule 1/ Cseql
E D / ::: ::g: ® Sequence l ——f— hMolecule 2/ {:‘Sf'l'l 2
(T Y Re¥ s Sequence 3 —— Molecule 3/ Cseq 3
oo sessseCe
"TLL) W B 1
- -4 -
[ TT N Y Re¥ e Sequence s — Molecule 5/ Cseq 5
LL L N 3 Xl )
o o | e Sequence § = ——— Maolecule &/Cseqd
] @ l ® Sequence 7 —*—— ©Molecule 7/Cseq 7
el Negative control
[E O Sequence N

Fig5-7 Sketch map of cross-hybridization assay @&ven molecules (molecule 1-7) under
“on-chip” glycoconjugate hybridization condition orthe DNA anchoring platform a).Negative
control sequence N is used to monitor the non-sfiechdsorption of glycoconjugates. Each of
the seven sequences (sequencel-7) was expectechlyohgbridize with its corresponding
molecule (moleculel-7) or complementary sequenéese(1-Cseq7).

»  Condition 1-7: At 1uM, in each microwell, incubatian of one of the seven molecules (molecule 1-7) with
other six Cseq (complementary sequences) except @srresponding complementary sequences. e.g.:
for condition 1, incubation molecule 1 with Cseq2-€eq7 except Cseql; for condition2, incubation
molecule 2 with Cseql, and Cseq3-Cseq7 except Cseq2

» ConditionI: At 1uM, in each microwell, incubation of all seven molecules (molecule 1-7).

»  Condition a-g: At 0.5uM, in each microwell, incubaton of one of the seven molecules (molecule 1-7)
with other six Cseq (complementary sequences) exdéfs corresponding complementary sequences.

»  Condition A-G: At 0.1pM, in each microwell, incubation of one of the seven molecules (molecule 1-7)

with other six Cseq (complementary sequences) exdéfs corresponding complementary sequences.
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Condition 1-7:

1M, one molecule + six Cseq

Condition I:

LM, seven molecules (molecule 1-7)

Negative control
SquenceN

DNA Hybridization

Condition a-g:

® fSequence 1 ——t

® Sequence 2 —

0.5uM; one molecule + six Cseq

e fequence 3 —

® fequence 7 e NMolecule T/ CUseq 7

Condition A-G:

0.1uM; one molecule + six Cseq

Fig5-8 Fluorescence image recorded at 532nm (a.wf the glycoconjugates, after
cross-hybridization test under “on-chip” glycoconjiate hybridization condition on the DNA

anchoring platform a).

102



Condition 1 Condition 2
Molecule 1 +6 Cseq (14M) Molecule 2 +6 Cseq (14M)
B 20000 T 30000
¢ = 18000 ]
5 ¥ 16000 g w 25000
14000 o m
nwoo= 4
§3 12000 %a-. 20000
g 4 10000 BT rso ]
T 5 6000 € 2 10000
58 4000 c =
= 5 2000 2 2 5000 -
5 0 = 0
£ ' ' ' ' ' ' ' ' ' b= 0 T T T T T T T s
N s h b B W A -
N
éga S éga & & cgb :4% & > d;) o‘n d;% dp
o o o o o o o G LS
Sequence Sequence
Condition 3 Condition 4
Molecule 3 +6 Cseq (1uM) Molecule 4 +6 Cseq (14M)
T 25000 T 30000
v o Q2 o
S % 20000 § » 25000
a2 o 2 20000
£ o 15000 g2
5 & £ 15000
2 ; 10000 2 ; 10000
c
g § 5000 § @ 5000
=g o.........Eg o+—- -
2 @V 2 2t P ° a\; e PR S P a\; P
é\b §Cl (9] (9] (9] L (<) L5 §Cl §Cl §Cl §{l §Cl §Cl L L
o o o o o S o T
Sequence Sequence
Condition 5 Condition &
Molecule 5 +6 Cseq (1uM) Molecule 6 +6 Cseq (1pM)
= 25000 -
= 30000 c
© 2 2
e 5 25000 @ » 20000 -
g ® a2
P 20000 E © 15000
8 2 15000 S «
5 2 S 10000
5 5 10000 c =
= £ E
£ & 5000 g g 5000
3 2 2
= I 0+ T T T T T T T ] £ 0 T =l T T T T ]
=
= N
cﬁ,\ :.q’ a"‘: & > c,aﬁ cﬁh aﬁé fﬁ« i c.‘;lr c.‘;’ c.‘ah c.e" c-h c.\; c.‘a’\
& & & & & g FFSFSFIFTSF TS
5 o o o o S S ¥ o & & o o o &
Sequence Sequence
Condition 7
Molecule 7 +6 Cseq (14M)
= 25000
g
@ 5 20000
Qo v
o 2 15000
£ O
£ 5 10000
2 s
T > 5000
3@
=5 0+ = T T T T T ]
2
£

N
@ L a" aab c‘a\; aa’\

\)é\c' \)é\c' \)é\c' \)é\c' \)é\c' \)é\ \)é\ >
& & ot

Sequence

Fig5-9 Mean fluorescence intensities obtained at2e8n (a.u.) for the glycoconjugates of
condition1-7, condition a-g and condition A-G, afteross-hybridization test under “on-chip”

glycoconjugate hybridization condition on the DNAeahoring platform a).
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Fig5-9 (Continued)
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Fig5-9 (Continued)
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Ratio of fluorescence intensity
(specific vs. non-specific hybridization)

Condition 1-7 Condition a-g Condition A-G

1uM 0.5 uM 0.1uM
Molecule 1 190 150 70
Molecule 2 300 330 320
Molecule 3 270 190 110
Molecule 4 110 160 280
Molecule 5 130 290 260
Molecule 6 40 49 84
Molecule 7 2.4 3.3 12

Table5-2 Ratio of fluorescence intensity of specifvs. non-specific hybridization of seven
molecules for Condition1-7, Condition a-g and Cotidn A-G, after cross-hybridization test

under “on-chip” glycoconjugate hybridization condiin on the DNA anchoring platform a).

30000 r
25000 r
20000 r
15000 r
10000 r

—o— 1pM

5000 | —&—0.1uM

u.a. (Cy3 signal)

Mean fluorenscene intensity

Glycomimetics

Fig5-10 Variation of mean fluorescence intensitias 532nm (a.u.) of the seven molecules when
the concentration changed fromgM (condition1-7), 0..xM (condition a-g) to 0.xM

(condition A-G).
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All the above results demonstrated that no mattbich concentration of
glycoconjugates (1uM, 0.5uM or 0.1uM) were useddenn“on-chip” approach
conditions most of the tested glycoconjugates Mdked-6 (Glycoconjugate 1 and
Glycoconjugate 10-14) except Molecule 7 (Glycocgajg 15) could be specifically
addressed by hybridization with its complementaguences immobilized in each
microwell of Mbll. However, only at 1uM, the glycogjugates displayed almost

homogeneous fluorescence intensity yields.

5.3.2.2 Cross-hybridization tests under “in-solution” calition

,Cross-hybridization tests of molecule 1-moleculeéte carried out with Mb Il
under “in-solution” condition (See Fig5-11). Usirige same cross-hybridization
determination method described before, each maesals mixed together with the
other six oligonucleotides corresponding to theentomplementary sequences. The
mixture was deposited into its corresponding mi@ibwt two concentrations 1uM
and 0.1uM (see, Fig5-11, Condition 1-7 and Condi#eG). The mixture of seven
molecules was deposited into each microwell of Gadl.

After incubated at 37° C for 3h, the slide was heas and scanned. The
results shown in the Fluorescence image (see Rysfhd the mean fluorescence
intensities for each condition (see Fig5-13) weral@gous to results obtained under

“on-chip” conditions (see Fig 5-8, Fig5-9).
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Figh-11 Sketch map of cross-hybridization assay s#ven molecules (molecule 1-7) under

“in-solution” recognition condition on DNA anchorirg platform of Mbll.
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1uM; seven molecules (molecule 1-7)

Negative control sequence x is for monitor the nospecific adsorption of glycoconjugates.

Condition 1-7: At 1uM, in each microwell, incubatian of one of the seven molecules (molecule 1-7) with

other six Cseq (complementary sequences) except @srresponding complementary sequences. e.g.:

for condition 1, incubation molecule 1 with Cseq2-6eq7 except Cseql; for condition2, incubation

molecule 2 with Cseql, and Cseq3-Cseq7 except Cseq2

Condition A-G: At 0.1uM, in each microwell, incubation of one of the seven molecules (molecule 1-7)

with other six Cseq (complementary sequences) exdéfs corresponding complementary sequences.

Condition [:

Condition 1-7:

1M, one molecule + six Cseq

Condition A-G:

0.1pM; one molecule + six Cseq

Condition I:

At 1uM, in each microwell, incubation of all seven molecules (molecule 1-7).
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e Sequence 3 —— Molecule 3 Cseq 3
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* Sequence 7 ——t— Molecule 7/ Cseq 7

Fig5-12 Fluorescence image recorded at 532nm (a.of)the glycoconjugates (molecule 1-7),

after cross-hybridization test under “in-solution§jlycoconjugate hybridization condition on the

DNA anchoring platform a).
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Fig5-13 Mean fluorescence intensities obtained a&82mm (a.u.) for the glycoconjugates of
condition 1-7 and condition A-G, after cross-hybimhtion test under “in-solution”
glycoconjugate hybridization condition on the DNAahoring platform a).
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Ratio of fluorescence intensity
(specific vs. non-specific hybridization)
Condition 1-7 Condition A-G
1uM 0.1puM
Molecule 1 130 160
Molecule 2 160 150
Molecule 3 210 190
Molecule 4 250 210
Molecule 5 130 180
Molecule 6 8.4 18
Molecule 7 15 3.8

Table5-3 Ratio of fluorescence intensity of specifis. non-specific hybridization of seven
molecules for Condition1-7 and Condition A-G, aftecross-hybridization test under

“in-solution” condition on the DNA anchoring platfam of Mbll.

30000 r
20000 r
15000 r

10000 r
5000 r

—o— 1uM
—a— 0.1pM

u.a. (Cy3 signal)
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o&e o‘\} o&e c>>\® c}\’\ o°\ o‘\}
N2 2\

F TS

Glycomimetics

Mean fluorenscene intensity

Fig5-14 Variation of mean fluorescence intensities 532nm (a.u.) of the seven molecules when

the concentration changed fromgM (condition1-7) to 0.kM (condition A-G).

111



Although for Molecule 6, at 1uM (Condition 6), Cg®nals were observed for
two columns corresponding to the Sequence 6 andebeg 3 were printed. The Cy3
intensities ratio of specific vs. non-specific hdration was 8.4 (see Table 5-3).
There were no cross-hybridizations for Molecul® Molecule 5, as the ratios for the
five molecules were greater than?1MMolecule 7 was still the only one that
cross-hybridization was significant. The Cy3 inidas ratio of specific vs.
non-specific hybridization was 1.5 at 1uM, 3.8 dtyM (see Table 5-3). Similarly to
the “on-chip” conditions, the reducing of the comttation from 1uM to 0.1uM
resulted in the improvement of the ratio of spechiybridization vs. non-specific
(increased from 8.4 to 18 for Molecule 6, from 1053.8 for Molecule 7) (see Table
5-3) in the decrease of the mean fluorescencesities of Molecule 1 and Molecule
5. Moreover, at 1uM, the mean fluorescence intEssivere also at the same level
(23000-28000 a.u.) for all the seven molecules F3g8-13, Fig5-14), suggesting that
the seven glycoconjugates were homogeneously imiethin each microwell.

In summary, under “in-solution” condition six glyamnjugates (Molecule 1- 6)
were well immobilized to the desired spots withorgss-hybridization and displayed
similar fluorescence intensities at 1uM. Like obser under “on-chip” condition,

cross-hybridization was also detected from Mole@u{&lycoconjugate 15)

5.3.3Study of binding affinities of glycoconjugates towh
RCA120 and PA-IL in Mbll

Following the cross-hybridization tests, we trieduse Mbll to study the binding
affinities of the six new glycoconjugates (Molec@eéMolecule 7) as well as 3Man
(Molecule 1) and 3Gal (Glycoconjugate 3, see Chapteig2-1) with two galactose
specific lectins: RCA120 and PA-IL.
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Fig5-15 Sketch map of the structures of eight imnil@®d glycoconjugates, 3Man is a negative
control for the two galactose-specific lectins.

In chapter 4, some differences in the behaior dlioig affinity of PA-IL between
comblike and antenna structures have been obsefes difference may be related
to the spatial arrangement or due to the chargbeofjlycomimetics. Herein, 6 new
glycomimetics with various spatial arrangements difterent charges have been
tested.

The main characters of the glycomimetics were digd in Table5-4 and
Fig5-15. Molecule 1 (3Man) bearing three mannosedues was expected to be a
negative control for monitoring the non-specificsarption of lectins. 3Gal was used
as a positive control, which contains three gaketoesidues supported by a
Comb-like scaffold with a linkage Linker 1(1, 4-¢gbexanedimethanol, DMCH)
between every two phosphodiesters and could beiesffly recognized by RCA120
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or PA-IL on a DDI glycoarray98, 99. 3Man and 3Gal having the same DNA tag
(Sequence 1), they can not be immobilized simutiagsky in the same microwell.
Molecule 5 consists of four galactose residuesnged on a Comb-like backbone
similarly to 3Gal. Regarding Molecule 2, MoleculeaBd Molecule 4 (see Table5-4,
Fig5-15 and Chapter 2, Fig2-1 or Table2-1), thedhglycoconjugates have almost
the same structures: they all bear four galactesedues coupled with Linker 2
(Trishydroxymethylethane) arranging in a Comb-lgteucture. They only differ by
the electrostatic charge of the glycomimetic surteet(-, 0 and +) respectively. The
last two glycoconjugates (Molecule 6 and Molecule are also tetra-galactosyl
glycomimetics with two different charges, exhibgian antenna structure including

the linkage Linker 3 (Pentaerythritol).

al Saccharide _
Namé? of bl _ Charge g Spatial
) Alias residue Linker
glycoconjugate (Number) arrangement
(Number)

G1 3Man /Molecule 1 Mannose (3) 0 Linker 1 Conkeli
G3 3Gal Galactose (3) 0 Linker 1 Comb-like
G1 Molecule 2 Galactose (4) -(3) Linker 2 Corite-|
G12 Molecule 3 Galactose (4) 0 Linker 2 Comb-like
G 13 Molecule4 Galactose (4) +(3) Linker 2 Conkeli
G 10 Molecule 5 Galactose (4) 0 Linker 1 Comb-like
G114 Molecule 6 Galactose (4) - (D) Linker 3 Antann
G 15 Molecule 7 Galactose (4) +(1) Linker 3 Antann

Table5-4 Main characters of glycoconjugates (3GalcaMolecule 1-7)

[a] Name of glycoconjugate designated in Chapter 2 @&ig2-1 and Table2-1)

[b] Name of glycoconjugate designated in this Chapter

[c] Linkage between every two phosphodiesters of therstture of the glycoconjugatesp06). Linker 1,
Linker 2 and Linker 3 correspond to 1, 4-cyclohexaneidhethanol (DMCH); Trishydroxymethylethane and

Pentaerythritol.
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First of all, we investigated the binding affiegi of seven glycoconjugates
(Molecule 1-Molecule 7) towards RCA120 and PA-ILMbII by the two approaches
of DDI (see Fig5-16). Two slides were prepared, @re“on-chip” approach, the

other for “in-solution” approach.

"On-chip" and "In-selution” approach

Condition1 — | mEo@m

Condition2 — DNA Hybridization

D D D D Molecule 1

LR LI Rl | : s E— olecule
oooao - -4 e Sequence 1

asso BaeCe e Sequence 2 ——— Molecule 2
ooo seessece

asbLBOTE s fequence 3 Molecule 3
goono ssessele
D D D D LR L I Rl ] I

LR 1 N Y Rel | -

| e Sequence S Molecule 5

oooan l & Sequence G p=——Nolecule &
oooano Negative control * Sequence 7 ———— Molecule 7
ogoogoao SquenceN

Fig5-16 Sketch map for the determination of bindirgffinities of molecule 1 to molecule 7
towards RCA120 and PA-IL on DNA anchoring platforma) adopting two DDI methods:
“on-chip” and “in-solution” approach.

»  Condition 1: seven molecules were incubated with R&L20

»  Condition 2: seven molecules were incubated with PA_

5.3.3.1 “On Chip” approach:

In the case of “on-chip” approach, mixed solutionseven molecules (final
concentration 1uM for each) was deposited into ediche 8 microwells of Condition
1 and Condition 2 (see Fig5-16). After hybridizatiof the glycoconjugates, the
Cyb5-labeled RCA120 (final concentration 1.5uM) a@ldxa 647 labeled PA-IL (final
concentration 2.8uM, monomer) were added into tirawells of Condition 1 and
Condition 2 respectively for recognition.

The results are displayed in Fig5-17 and Fig5-18.sAown in the fluorescence
images (see Fig5-17), the green signals corresponge the Cy3-labeled
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glycoconjugates, whereas the red signals were wéddor the binding Cy5-labeled
RCA120 or Alexa647 labeled PA-IL. Green signals evetetected from seven
columns except the column where the negative cb8&quence N printed, indicating
that there were no non-specific adsorption of gigegugates. As expected, there
were almost no red signals and extremely low flsoeace intensity (50-200 a.u.)
obtained for 3Man (Molecule 1) which could not Beagnized by the two lectins.
The fluorescence intensity of each molecule wasrdehed as the average of the
fluorescence intensities of 32 spots from 4 micitsvef each Condition (8 spots per
microwell). Molecule 4, which bear 4 galactose dass in Comb-like structure with
three positive charges, displayed the strongestitgntowards the two lectins with
fluorescence intensity about 20000 a.u. for RCAXI@ 7000 a.u. for PA-IL
(Figh-18). However, although Molecule 2 and Molec@d almost have the same
structures as Molecule 4 except carrying diffedrdrges, the fluorescence intensities
of these molecules were relatively low, especisthwards PA-IL with a ratio about
1:3 and 1:5 compared to Molecule 4. Moreover, aerang Molecule 6 and Molecule
7 which share the same antenna structure but chffigrent charge (negative and
positive charge respectively), as shown in Figh-ttf& fluorescence intensity of
Molecule 7 was a little bit higher than Moleculewsth a ratio about 1.04:1 for
RCA120 and 1.35:1 for PA-IL. As a matter of fadtat was not the real ratio of
Molecule 7 vs. Molecule 6, according to the crogbridization test (see Fig5-7), it
has been demonstrated that Molecule 7 cross-hykddwith the Sequence 6 with
which Molecule 6 should be hybridized (see Fig5rl dable5-2). Thus, the real
ratios of Molecule 7 vs. Molecule 6 should be higttean what has been obtained,
which means the two lectins, especially the PA-ibdbMolecule 7 better than
Molecule 6. Nevertheless, in the case of PA-IL,ifpady charged glycomimetic
structure enhanced the binding to a greater eitantRCA 120.

One possible explanation relates to electrostateraction between the lectin and
the glycomimetic. At a pH equal to the pl (isoetecpoint) of a protein, a protein has
no electriccharge. At a pH above its pl, a protein will caarymet negative charge. In
this part of work, the recognition processes waseazaout in the solution at pH 7.4,
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the pl of RCA120 (pl = 7.5-7.9Pp) is just around this pH scale, whereas the pl of
PA-IL (pl =4.94)@60) is below 7.4. It means that in the recognitiotuson, the
RCA120 had no electric charge, while the PA-IL matra negative charge, which
made the PA-IL more facilely to approach and biadhe glycoconjugate carrying
positive charge.

Another significant finding is that the two posély charged tetra-galactosyl
molecules (Molecule 4 and Molecule 7) did not hmlentical affinities either towards
RCA120 or towards PA-IL. The fluorescence intemsitof Molecule 4 were higher
than Molecule 7 with a ratio of 1.3 for RCA120 ahé for PA-IL. Molecule 4 has a
Comb-like structure while Molecule 7 exhibits antararchitecture. The Comb-like
structure thereby seems more favorable than anterumgtecture for glycoconjugate

binding to these two lectins.

"On-chip" approach

Condition 1 — +
RCA120
ol
st —]
Condition 2 — + sequence S —
PA-IL sipsrio e I e
. a-q'-.... —E— Molecule T

Fig5-17 Fluorescence images recorded at 532nm (afar the glycoconjugates (molecule 1-7)
and at 635 nm (a.u.) for the lectin RCA120 and PA;lafter recognition of glycoconjugate with

lectins by “on-chip” approach.
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Fig5-18 Mean fluorescence intensities obtained &56m (a.u.) of condition 1 and condition 2

for RCA120 and PA-IL individually, after incubatiorwith the seven molecules (Molecule 1-
Molecule 7) by “on-chip” approach. No correction fothe Cy5 (Alexa 647) fluorescence

intensities was performed, as the Cy3 signals aidli for the seven glycomimetics at 1uM are
similar (see Fig5-10).

5.3.3.2 “in-solution” approach:

For the “in-solution” approach, the solution of emv molecules (final
concentration 1uM for each) were firstly incubateth the two lectins RCA120
(final concentration 0.5uM) and PA-IL (final con¢eation 0.5uM) respectively, and
then the two incubation solutions were depositéal iine corresponding microwells of
Condition 1 and Condition 2 (see Fig5-16).

Some of the results shown in Fig5-19 and Fig5-2@ewemparable to those
obtained from “on-chip” approach. For instance, rehevas no non-specific
glycoconjugate adsorption for Sequence N and noespegific binding of lectin for
the negative control glycoconjugate 3Man (Molecl)leThe PA-IL lectin preferred to
bind to positively charged Molecule 4 (Comb-likeusture with Linker 2) than
negatively charged Molecule 2 and neutral Mole@uli also had higher affinity with
Molecule 7 compare to Molecule 6. Both lectins grefd comb-like structure.

However, very surprisingly in this case, it was thiwlecule 5 (Comb-like
structure with Linker 1) not the Molecule 4, whishowed the highest fluorescence
intensity towards the two lectins (25000 a.u. f@A320, 14000 a.u. for PA-IL). The
result may be caused by the rigidness of LinkddMICH) of Molecule 5 in solution,

which could keep proper spacing for the galactestdues to easily enter into the
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binding sites of the lectins. In addition, undex tm-solution” recognition conditions,
RCA120 displayed similar selectivity towards glyoagugates in comparison with
PA-IL.

The results indicated that the charge of the glgnpmates was not the only
factor that could influence the binding affinitieshich further enhanced to the
previous argument. There are many complicated gaketements that contribute to
carbohydrate/lectin binding features, such as pgatia arrangement and orientation
of the saccharide residue, the rigidity and optisgdcer of the linkage between the
ligands 97, 99, 211, 270 Subtle differences in carbohydrate presentateomchange
the binding properties of carbohydrate binding giret @71-273.

"In-solution” approach

Condition 1 — +
RCA120

Condition 2 — +
PA-IL

Fig5-19 Fluorescence images recorded at 532nm (afar the glycoconjugates (molecule 1-7)
and at 635 nm (a.u.) for the lectin RCA120 and PA;lafter recognition of glycoconjugate with
lectins by “in-solution” approach.
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Fig5-20 Mean fluorescence intensities obtained &56m (a.u.) of condition 1 and condition 2
for RCA120 and PA-IL individually, after incubatiorwith the seven molecules (Molecule 1-
Molecule 7) by “in-solution” approach.
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We also studied the affinities of 9 glycoconjuga{8dan, 3Gal as well as
Molecule 2-8) with PA-IL on Mbll by “in-solution” pproach (see Annexe 3).
Molecule 8 (Glycoconjugate 16, see Chapter 2, Hig2- Table 2-1) was a new
glycoconjugate, which has the same structure aeddte 6 or 7 but that carries no
charges. Sequence N was replaced by Sequence Blfapéer 2, Table2-4) in order
to offer complementary sequence for hybridizatibrMolecule 8. There were three
goals to be addressed: 1) to do a repetition obiheing studies of Moleculel (3Man)
- Molecule7 with PA-IL on platform b using “in-sdlan” method; 2) to test the
binding affinity of Molecule 8 towards PA-IL; 3) tmake a comparison of the binding
affinities of the 7 new tetra-galactosyl molecu(®olecule 2-8) with 3Gal bearing
three galactose residues towards PA-IL. Detailedlte are reported in Annexe 3.

All the observations above demonstrated that thetiplax assays of
interactions of glycoconjugates/lectins were wedirfpormed on Mbll either by
“on-chip” or by “in-solution” approach. The resuttenfirmed that PA-IL lectin could
more efficiently bind to the positively charged gbgonjugates (e.g Molecule 4.) than
other glycoconjugates. The highest binding signas wbserved for Molecule 4 with
the two lectins (RCA120 and PA-IL) in “on-chip” amach, while in “in-solution”
approach, it was the Molecule 5 with the linker DNIGhowed the most efficient
binding. Moreover, it appeared that the two lectimeferred to bind to the
glycoconjugates with Comb-like structure rathernttglycoconjugates arranged in
antenna architecture. Therefore in the followingdss, we tried to do quantitative

analysis (I1Gg) of the glycoconjugates with Comb-like structure.
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5.3.4Quantitative analysis (IG) of the affinities of
glycoconjugates with PA-IL in miniaturized biosystell

(Mbll)

In Chapter 4, it was demonstrated that the semmgfasive (1Godetermination)
assays can be performed on the slide featured Sdtmound microwells by DDI
“on-chip” approach. However, such a slide can bedusnly to determine the i¢
value of one glycoconjugate. In order to amplifg dapability of the tool and realize
a high throughput semi-quantitative analysis, timse, we chose the miniaturized
biosystem Il (Mbll) to do our study. Mbll allows Kaus glycoconjugates to be mixed
and addressed to the desired spots in one singteowell allowing for parallel
guantitative assays of many glycoconjugate in dide st the same time. On the basis
of this advantage, a comprehensive competitionyassas designed and carried out
for determination of Ig values of 5 glycoconjugates towards PA-IL on thiellMby

“in-solution” approach (see Fig5-21).
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o Sequencel ———— 3Gal OO0 6@ . ..
o Sequence? —— \olecute2 | OO B @ Condition 1- Condition20
¢ Sequenced —— Molecule3 | OO EE 3Gal+ Molecule 2.5
] OO0 @
e Sequences — Nolecule 5 OOB@E <— | +PA-IL
' YTITX X O0@ @ + Lactose (at different final concentrations)
ceecesce oooa
23| oo
asdradoe
LA LN L ] D D m E
asd i bbod O O

Figh5-21 Sketch map for the determination of igvalues of Molecule 2- Molecule 5 and 3Gal
towards PA-IL on the Mbll adopting “in-solution” méhod.
»  Condition 1-Condition 20: Incubation of 3Gal, Moleaile 2- Molecule 5 with PA-IL, as well as lactose at

different final concentrations (see Table )
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From Condition 1 to Condition 20, 3Gal (1uM), Malée 2- Molecule 5 (1uM
for each) and PA-IL (0.5uM) were incubated togethéth consecutively diluted
concentrations of the inhibitor lactose (see Taladph 20 microwells respectively. In
Condition 1, where no lactose (OuM) was added, kimeling results for the five
glycoconjugates (Fig5-22) with PA-IL were similasrapared with the results shown
in Fig5-22. The fluorescence intensities of othenditions were also recorded and
analyzed. The I§ values for each of the five glycoconjugates weateudated by
BioDataFit and summarized in Table5-6. Thegl@alues for 3Gal towards PA-IL
(9.2uM) was considerably lower than that obsergedatds RCA12099)(385uM).
According to the potency of each galactose resitflaecule 5 and Molecule 4 were
about 64 and 45 folds higher than 3Gal respectivelsnay well be that a “cluster
effect” for Molecule 5 vs. 3Gal is observed. For Ibtmle 2 and 3, the binding
affinities with PA-IL were almost at the same levéhere was a nearly 150 times
increase in potency of each galactose residue ts\R#-IL from Molecule 2 and 3 to
Molecule 4. In addition, the Kgvalue as well as the affinity per residue for Molle
5 was 1.4 times higher than that for Molecule 4e Tésults observed by 4Cassay
and by direct reading of the fluorescence signakdghe same trend but with a higher

sensitivity for the 1Gy method.

Condition 1 lactose (0 M)

18000
16000 |

14000 | L
12000 |
10000 |
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6000 -

4000 - m
2000 |
0 B ‘
P >

Mean fluorescence intensities(a.u.)
of Alexa 647-labeled PA-IL

Glycoconjugates(1M)

Figh-22 Mean fluorescence intensities obtained &5&m (a.u.) of condition 1, after incubation
with five glycoconjugates (3Gal and Molecule 2-Molde 5) with PA-IL by “in-solution”

approach on the Mbll.
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Condition 1-20

Final Concentration of Lactose (UM)

© 00 NO Ol WDN P

PR R R R R R R R R
© 0O ~NO DM WNPRO

20

0
0.00001
0.00005

0.0001
0.0005
0.001
0.005
0.05
0.1

1

5

10

50

100
500
1000
5000
10000
15000
30000

Table5-5 Final concentrations of inhibitor (lactogdor Condition1 to Condition 20

Relative
. Charge ICso Relative Potency per
Glycoconjugate  Valency al
(Number) (UM) potency galactose

residug”

3Gal 3 0 9.24 1 0.33
Molecule 2 4 -(3) 2.5 0.3 0.07
Molecule 3 4 0 3.5 0.4 0.1
Molecule 4 4 +(3) 559.5 60 15
Molecule 5 4 0 773.2 84 21

Table5-6 1G, of glycoconjugates-PA-IL binding

>

>

[a] Calculated as the ratio of 3Gal to other glycognjugates 1G5, values.

[b] Calculated as the ratio of relative potency to th@umber of galactose residues.
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5.4 Conclusions

In conclusion, two miniaturized analytical syster(fdbl and Mbll) were
designed allowing up to 40 independent experimenke performed with volumes as
low as 0.5 pL per experiment corresponding to ®rmigles of glycomimetic on one
microscope slide. Thanks to site-specifically cegptof the DDI glycoarray by nucleic
acid hybridization, it was demonstrated that glyouoetics and lectins can be mixed
in solution for specific recognition and subseqlyeriie addressed at a specific
location on the surface of the microwells for fntlietection.

Two kinds of glycoconjugate/ lectins specific resign models were
successfully performed in Mbl by “in-solution” amach of DDI. The “in-solution
approach” should allow circumventing any recogmitgyoblems that could occur due
to the chip surface.

Based on the validation of Mbl, a new microsystenbliMwas fabricated.
Although cross-hybridization phenomenon has obserfgg one glycoconjugates
(Molecule 7), the developed Mbll still allowed pamhing a parallel analysis of
binding properties for eight glycoconjugates tovgalektins in one single microwell,
which dramatically extend the capability of highraiighput detection of DDI
glycoarray. The binding features of seven new sgited glycoconjugates as well as
3Gal and 3Man towards two lectins (PA-IL and RCAL&@re studied in Mbll by
both DDI approaches. The positively charged glyopegates showed greater avidity
toward PA-IL lectin. The “cluster effect” was fughdemonstrated by affinities of the
tetra-galactosyl glycomimetic (Molecule 5) vs. datactosyl glycomimetic (3 Gal)
with respect to PA-IL in DDI “in-solution” approachMoreover, it seems that the
glycoconjugates with Comb-like structure can be emefficiently recognized by
RCA120 and PA-IL than glycoconjuates arranged tem@ma architecture.

Finally, a simultaneous quantitative analysis (deteation of 1Gy values) of
binding affinities of five glycoconjugates with AR-was satisfactorily carried out
within a single experiment on Mbll.

To sum up, the two miniaturized analytical systdrased on DDI glycoarray not
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only can reduce the material consumption, but piswide rapid and sensitive access
to comprehensive binding profiles, which facilithttne carbohydrate-lectin binding
detection and quantification. We thereby anticipéuat the miniaturized analytical
systems described herein should be useful for thmHundamental research and the

application area, such as virus detection, drugsesing and discovery.
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6 APPLY DDI GLYCOARRAY TO STUDY
THE INTERACTIONS OF INFLUENZA
VIRUSES / GLYCOCONJUGATES

6.1 Introduction and context

Influenza (flu) is an acute respiratory diseaseseduby influenza virus, which
affects millions of people each year and resultsemere morbidity and mortality
throughout the world, normally occurring in temperalimates in winter. According
the report of WHO, influenza virus is responsilie dbout 250000-500000 deaths per
year and it also the second cause of infectiousatiyrafter pneumonia2{4).

The cyclic character of the influenza epidemicsrétated to the regular
appearance of new antigenic or drug resistant epdai the circulating influenza
viruses. Therefore searching for new antiviral drigga great challenge in front of the
emergence of new species of pandemic virus. Shnedinst stage of the infection of
influenza virus is mediated by the interaction efrfagglutinin (antigenic protein on
the surface of the virus) with the sialic-acid dess on the surface of the host cell
(see 6.1.2). Molecules with high affinity for hengaginin would be potent
candidates of new antiviral drugs to block the hgghatinin/sialic-acid interaction
and then further interdict the virus replicatiomalfdated glycomimetics are potential
candidates providing good spatial arrangement dngipo-chemical properties. In
order to obtain the high affinities glycomimetidsis necessary to do a large number
of screening tests of interaction between influerimas and sialylated glycomimetics.
Glycoarrays are ideal tools in doing such high digigut tests. As demonstrated in
previous studies, DDI glycoarrays were efficientoléo for study the
glycoconjugates/lectins interaction. The objectived this study were to

design/develop efficient DDI glycoarrays protocfasthe rapid study of recognitions
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between glycoconjugates and influenza virus.

In this section, firstly the main properties of tifluenza viruses will be
reviewed aiming to provide basic information witgard to the essential structures
and classifications of the influenza viruses; thee influenza virus replication
mechanisms will be described; finally the reseat@ius of the two main antigenic
protein on the surface of the virus (hemagglutiand neuraminidase) and the main

goals of this study will be introduced.

6.1.1 Characterization and classification of influenzanus

Influenza viruses are spherical wrapped (80-120ramelter), negative-sense and
single-stranded RNA viruses which belong to theilfaraf orthomyxovirus 275,
276). The genome of influenza viruses consists ofgremts which comprises about
13,500 bases and encodes for 11 proteRi&5,( 27F. Based on the antigenic
differences in the major internal proteins of theus, i.e. Nucleoprotein (NP) and
Matrix protein (M1) (see Fig6-1), influenza virusean be classified into three
serological groups: influenza A, B, and C virus2gy, 278, 279 Influenza A and C
viruses were isolated from human, birds and sewnahals, whereas influenza B
viruses circulates only among the humagigs|. Major outbreaks are associated with
influenza A or B viruses. However, the gravest c¢tifen is usually caused by
influenza A.

There are two main antigenic proteins on the serfat Influenza A virus:
hemagglutinin (H or HA) and neuraminidase (Sialedad or NA) @77, 278 (see
Fig6-1). HA is a membrane-spanning glycoprotein?6-RD) and is also a sialic acid
specific lectin. It shaped like a cylinder of apgroately 13.5 nanometres length. It is
composed of three identical monomers, which arestcocted into a centrat-helical
coiled-coil and three globular heads. The globdlands contain both the sialic
acid-binding sites and the antigenic epitop&¥9( 280). The neuraminidase

(sialidase), is a mushroom-shaped enzyme, whichomposed of four identical
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disulfide-linked, co-planar and roughly sphericalbgnits anchored to the viral
membrane though a thin long stem (10 nanometres)Kg6-1) 281).

According to HA and NA, influenza A virus can bether divided into 16 HA
(H1-H16) and 9 NA (N1-N9) subtype47, 282, 288 of which two strains HIN1
and H3N2 have already lead to serious pande®7é) @nd begun to circulate among

the humans causing annual epidemics.

Fig6-1 Schematic diagram of an influenza A virush& external proteins: Hemagglutinin (HA),
Neuraminidase (NA) and an ion channel protein (M&trprotein 2, M2); The internal proteins:

Matrix protein 1 (M1) and Nucleoprotein (NP).

6.1.2 Mechanisms of influenza virus replication

Since the genome of influenza virus is only comddsg a single-strand RNA, it
can only replicate in living host cel284). The replication of influenza virus can be
divided into three main steps: the first step is #lilherence of the influenza virus to
the host cell; the second step is the multiplicatd the virus in the host cell; the last
one is the release of the new particles of theianfka virus (see Fig6-2).

Adherence of the influenza virus to the host cell

The influenza virus firstly adheres to the host.cEhis process is performed by
the HA binding to sialic acid residues of glycoagygtes on the membrane of the host

cell (285, which initiates the replication cycle.
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The multiplication of the virus in the host cell

The virus then undergoes endocytosis and fusidhdartytoplasm of the host cell
(286). Once the virus is fused, the genome of the wilidbe delivered to the nucleus
of the host cell places. After that, the virus gaeowill be replicated or transcribed by
the enzymes and translated by ribosomes of the ¢ebi(287, 288. Thus taking
advantage of the abundant materials of the hoktreel proteins and genomes of the
virus will be produced.

The release of the new particles of the influenzeus

The new copies of viral proteins and genome will ttensported out of the
nucleus of the host cell and assembled near tHenueibrane. The new virus
particles are formed by budding. However the nenusas are still adhere to the host
cell via HA binding to sialic acid residues. NA irihen cleave the sialic acid residues
and liberate the new viruse286). The released new viruses could therefore start a

new cycle of replication.

Sialic acid

NA allows release

Adherence ‘ Multiplication Release

HA binds to sialic acid
Host cell

Fig6-2 Scheme of an influenza virus replication
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6.1.3 Literature review on HA and NA

Understanding the infection mechanism induced &y \inus and the implied
biological interactions is of crucial importance preventing the infection processes
of influenza viruses. Previous efforts about infize virus were mainly focused on
the two surface antigenic proteins HA and N28Z%, 283, 289, 290 due to the
important biological roles of the two proteins. Ast described in 6.1.2, HA is a
natural receptor for sialic acid, in consequeneeatiherence of virus to the host cell
is mediated via the HA binding to the terminal isiahcid residues of the
glycoconjugates on the cell surface. Moreoverag heen proved that HA also played
significant roles in the virus internalization atieé viral envelope fusior2¢9, 289,
291, 292. Generally, the HA of human viruses bind strongdythe o 2-6 linked
sialosides (especially to sialic aeid2-6 galactose), the HA of avian viruses prefer to
bind toa 2-3 linked sialosides (especially to sialic agid-3 galactose)9( 293, 29,
whereas the HA of the porcine strains bind to lwdtthe twoa 2-6 linked andy 2-3
linked sialosides?). However, only a few amino acid substitutionsnautations in
the HA protein may alter the receptor binding prefiee 278, 295. NA participates
in the last stages of viral infection, it can cleate sialic acid from the host cell by
hydrolyzing the ketosidic linkage in sialosid@98), which resulting in the escape of
the neovirion after buddin@75).

To date, vaccination is a conventional method fa prevention of influenza
infection, but the process of vaccine productiorugsially cumbersome and costly,
and always complicated by antigenic drift and shifthe viral RNA encoded HA
(290). Therapeutic approaches as a complement of the natmm have been
developed for several years. NA is one of the dlhggovery targets. Currently, two
NA inhibitors drugs (zanamivir and oseltamivir) agnthesised and approved for
clinical use 296). They mimic sialic acid and can prevent the dataent of the
neovirions. Unfortunately, the great challengehaf drug resistant is still remaining.

HA is also a drug discovery target, however, vew fdata exists concerning

molecules allowing tight binding to HA and blockiitg activity. The main reasons is
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probably because, as all lectins, the affinity oA Kb monovalent sialosides is
relatively low (Kg only in the mM range)200, 297. Moreover, most of the classical
rapid tests are lacking of sensitivity, and a distibinding profile observed for each
HA could not be obtained by the usual cell-baseshys such as hemagglutination
assays, hemagaglutination inhibition ass&&3( 299.

In recent years, glycoarrays have been developgdlamvn promise in studies of
influenza virus. In nature the virus takes advamtafjseveral simultaneous HA and
sialic acid interactions to perform a tight bindi@98. Because glycoarray
technologies possess intrinsic properties to msnich natural interactions, they can
be employed to profile and determine the speddisibf HA (L0, 19. Thus, Stevens
et al have used glycoarray containing 200 carbohydrates glycoconjugates to
determine the HAs receptor preferences of human aah virus. The obtained
results have clearly shown the broad receptor 8piieis of a 2-6 ora 2-3 sialic acid
linkages, as well as some fine receptor differenneslA specificities such as the
glycan size, charge, extra sulfation and fucosytat299. Blixt and co-workers
employed a covalent glycan array to profile thecdjmity of the whole HIN1 virus
A/Puerto Rico/8/34 194). The obtained resultes were comparable with those
observed from cell-based assa3$8(Q).

In previous chapters, DDI glycoarrays have beevvgunt to be very efficient
platforms for profiling the interactions of glycagagate/lectin. We herein expect to
apply this technology to the study of influenza usies. The interaction of
glycoconjugates with the whole virus is more complean glycoconjugate/lectin
interactions. Therefore, in order to set up ideBll Blycoarray based platforms for
investigating the binding feature of the whole s&g, a lot of parameters and
conditions need to be optimized. Moreover, as masd in our previous studies,
many glycoconjugates have been synthesized based gtytomimetics
(carbohydrate/DNA conjugates) synthetic strategy teir affinities towards lectins
were evaluated. Some of the glycoconjugates (e.g3, Gee Chapter 3 and 4)
displayed high binding avidity with lectins.

Therefore, eight Cy3-labeled glycoconjugates (Géyrgugates 17-24, see
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Chapter 2 Fig2-1 or Table2-1) bearing sialic a®@dtaining glycan residues and
displaying different structures were synthesizesingi the same strategy as reported
in Chapter 2, 2.1 and annexe 1. The binding featofe¢hese glycoconjugates with
two types of viruses (Alexa647-labeled influenzaruses H1IN1/PR8 and
H3N2/Moscow provided by the team Virologie-InfluenZRE 3011- CNRS) were

profiled with DDI glycoarray by “on-chip” and “inedution” approaches.

6.2 Materials and methods

6.2.1 DDI glycoarray fabrication

The first step for DDI glycoarray fabrication is s®t up a DNA anchoring
platform, the procedures were the same as desciib€thapter 2 2.2. In this study,
we used glass slide containing 52 round microrescfsee Chapter 2, Fig2-2). In
each microreactor, sSDNA Sequence 1 (see Chapteali?e 2-4) was printed on to

the surface.

[a]

Name™ of Spatial
Saccharide residue (Number) Linker "

glycoconjugate arrangement
G 17 B-Lactose (2) Linker 1 Antenna
G 18 Neu5Ac(a-2,6) Lactose (2) Linker 1 Antenna
G19 a-Neu5AC (3) Linker 2 Comb-like
G20 a-Neu5AC (3) Linker 2 Comb-like
G21 a-Neu5AC (3) Linker 3 Comb-like
G 22 a-Neu5AC (3) Linker 3 Comb-like
G 23 B-Lactose (1) Linker 4 linear
G24 Neu5Ac(a-2,6) Lactose (1) Linker 4 linear

Table6-1 Main characters of glycoconjugates (G 14)2

[a] Name of glycoconjugate designated in Chapter 2 (se e Fig2-1)

[b] Linkage between every two phosphodiesters of the st ructure of the glycoconjugates( 206).
Linker 1: Pentaerythritol; Linker 2: tetraethyleglyc ol Linker 3: 1, 4-cyclohexanedimethanol
(DMCH); Linker 4: Cyclohexanedimethanol (DMCH) and  Trishydroxymethylethane
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Unless otherwise specified, after printing Sequehdbe slide was blocked by
4%BSA (see Chapter 2 2.3). Then, for “on-chip” ajmh, the glycoconjugates (see
Table6-1) at 1uM were immobilized on chip by hyiridg with Sequence 1 as
presented in Chapter 2.4.2.

6.2.2 First studies on glycoconjugates/influenza virus

recognition

Unlike the glycoconjugates/lectins interactionsg firocess of glycoconjugates/
influenza virus interaction is more complicated. niafactors will influence the
binding outcomes. For example, the two DDI glycagrstrategies perhaps lead to
different binding results; the blocking method (B8Ad casein blocking) may have
effect on the signal/noise ratio; the degree oflébeling of the virus may affect the
activity of the HA on the virus surface; NA on thkgus surface could destroy the
sialic acid on the glycoarray218); in addition, the storage method of the
labeled-virus (e.g. at -20°C) might result in desatton of the virus.

All those factors mentioned above should be taketo iaccount for the
glycoconjugates/ influenza virus recognition. Asamsequence, several experiments
were designed in order to evaluate the two DDI @dycay strategies (“on-chip” and

“in-solution” approach) and to optimize the recdgm conditions.

a) Evaluate two DDI glycoarray strategies (“on-chip” ral “in-solution”
approach)

For “on-chip” approach, the two kind of viruses HIZRR8 (5x10 TCIDs/100ul,
Alexa647-labeled amount {g) and H3N2/Moscow (5x10 TCIDsy/100ul,
Alexa647-labeled amount fg) were mixed with the NA inhibitor zanamivir
(0.75uM, final concentration) in PBS 1x (pH 7.4)-Tween @D05%) respectively.
And the two solutions were added into the corredpan microwells of the
glycoarray where six glycoconjugates (G 17-G 22, Bable6-1) were immobilized.

Then the slides were incubated at 37°C in a wadpour saturated chamber for 2 h.
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For “in-solution” approach, H1IN1/PR8 and H3N2/Moacaere mixed with the
NA inhibitor zanamivir (0.7pM, final concentration) as well as the glycoconjega
(AuM, G17-G22, see Table6-1) in PBS 1x (pH 7.4)-Tw26en0.05%) respectively.
And the two solutions were added into the corredpan microwells of the DNA
anchoring platform. Then the slides were incubas¢d37°C in a water vapour
saturated chamber for 2 h.

After incubation, the slides were successivelyathsh PBS 1x (pH 7.4)-Tween
20 at 0.05%, PBS 1x (pH 7.4), and DI water. Thendlide was dried by Spray duster.
After that, 0.pL of 1%PFA (paraformaldehyde) was added into eacirawell and
incubated for 2-3min in order to fix the virus dmetarrays. Finally, the slide was

rinsed in DI water and dried by Spray duster.

b) Optimize the recognition conditions

b.1) Test the capping step (two blocking metho&A Bnd Casein blocking)

In this experiment, two slides were preparedeA$iet up the DNA anchoring
platforms, one slide was blocked by 4% BSA as desdrin Chapter 2 2.3. For the
casein blocking method which was adapted fr&mthe blocking step was performed
by immersing the slide bearing DNA in 1% caseirmg(®, Steinheim) solution for 2 h
at 37°C. The slide was then washed in PBS 1x (pH-TAveen 20 at 0.05% for
3x3min followed by PBS 1x (pH 7.4) 3 times, andafip rinsed with DI water and
dried by centrifugation. After blocking, the glyagugates G 17, G 18, G 23 and G
24 (uM, see Table6-1) were all immobilized onto the tsides. The viruses
HIN1/PR8 (16 TCIDsy100u, Alexa647-labeled amountu§) was mixed with the
NA inhibitor zanamivir (0.7pM, final concentration) in PBS 1x (pH 7.4)-Tween 20
(0.05%) respectively. And the solution was added the corresponding microwells
of the two glycoarrays. Then the slides were intetbaat 37°C in a water vapour
saturated chamber for 2 h. The next procedures thereame as presented in section

a).
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b.2) Investigate the effect of the Alexa 647 ‘lagelegree of the virus.

The HIN1/PR8 (18 TCIDsy100ul) virus labeled with two Alexa647 amounts
(5ug and 2@g) were mixed with the NA inhibitor zanamivir (04, final
concentration) in PBS 1x (pH 7.4)-Tween 20 (0.05®9th, Karlsruhe, Germany)
respectively. Zanamivir was added in order to awidto cleave the sialic acid form
the glycoconjugates on the glycoarray. And thenwweesolutions were added into the
corresponding microwells of the glycoarray wheréand G 18 (1M, see Table6-1)
were immobilized. After that, the slides were inatdad at 37°C in a water vapour
saturated chamber for 2 h. The next procedures thereame as presented in section
a).

b.3) Compare the affinites of fresh Alexa647-labde virus and

Alexa647-labeled virus stored at -20°C towardséseptor

100uL solutions of virus HIN1/PR8 (10 TCIDsy100ul, Alexa647-labeled
amount g), fresh virus (4C) and virus stored at -2D, were mixed with the NA
inhibitor zanamivir (0.7pM, final concentration) in PBS 1x (pH 7.4)-Tween 20
(0.05%) respectively. And then the two solutiongevadded into the corresponding
microwells of the glycoarray where G 17 and G 18M]1 see Table6-1) were
immobilized. After that, the slides were incubate®7°C in a water vapour saturated

chamber for 2 h. The next procedures were the sasndescribed in section a).

6.3 Results and discussion

a) Evaluate two DDI glycoarray strategies (“on-chip” ral *“in-solution”
approach)

The receptor-binding characteristics of HIN1/PR& a#3N2/Moscow were
profiled by both DDI glycoarray strategies “on-chignd “in-solution” approaches.
Six glycoconjugates (G 17-G 22, see Table6-1) wested. G 17 (bearing two lactose
residues) and G 18 (bearing two Neu5A€e2( 6) lactose residues) were expected to

be negative control and positive control respettiv®ther four molecules (G 19-G
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22) all possess threeNeu5ACs. The HIN1/PR8 and H3N2/Moscow binding itesu
were displayed in Fig6-3 and Fig6-4 respectivelgcdrding to the results, very
surprisingly, high signals were observed from HIMNR8 and H3N2/Moscow for G

17, which was not expected to be recognized bywtioeviruses, either by “on-chip”

approach or by “in-solution” approach. On the canty the signals obtained for
positive control G 18 were relatively lower thaatlifior G 17 (see Fig6-3 a, b and Fig
6-4 b), except that detecting from H3N2/Moscow by-thip” approach (see Fig6-4
a). On one hand, the signals obtained for G 17 medgte to high non-specific

adsorption. On the other hand, the low signal oleskerfor G18 may be related to
weak specific interaction (interaction of HA withHL&).

Non-specific binding contribute to a significanusce of measurement error, as a
consequence, to make the evaluation the bindingit&#t of these glycoconjugates
was very difficult and unpredictable.

In order to understand low signal to noise ratie, following investigations were
carried:

1) The blocking method to reduce non-specific gotsan;
2) The influence of the labeling degree by Alexa64 the activity of the virus.

3) The effect of storage conditions

H1N1/PR8
a "On-chip” approach b "In-solution” appoach
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Fig6-3 Mean fluorescence intensities at 635 nm (3.of the Alexa647-labeled HIN1/PR8 after
recognition with G 17-G 22 by “on-chip” approach f@r correction) a) and “in-solution”

approach b)
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H3N2/Moscow
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Fig6-4 Mean fluorescence intensities at 635 nm (3.af the Alexa647-labeled H3N2/Moscow
after recognition with G 17-G 22 by “on-chip” appezh (after correction)) and “in-solution”

approach b)

b) Optimize the recognition conditions

b.1) Test the capping step (two blocking methods Bl Casein blocking)

As observed in previous sections, non-specific gidsms were detected on DDI
glycoarrays in the study of the influenza virus atgcoconjugates interactions. In
order to optimize the DDI glycoarray platform ardluce the non-specific adsorption,
herein we employed a new blocking method (casewcKmg) ©) and made
comparison with the previous BSA blocking methodvoTglass slides (Slid&”,
Slide*®"y were prepared by using BSA and casein blockinthous respectively. In
each slide, the affinities of four glycoconjugat€s17 and G 18 as well as two new
glycoconjugates (G 23 and G 24) (see Table6-1) wested towards the
Alexa647-labeled HIN1. G 17 and G 18 almost hawe gdAme structure except
bearing two lactose residues and two lacto26NeuSAC moieties respectively. G
23 and G 24 also nearly have the same structutdselan one lactose residue and one
lactosea-2,6NeuS5AC moiety respectively. Herein the two glgonjugates G 17 and
G 23 were expected to be negative controls; whill8@nd G 24 were expected to be
positive controls. After immobilization of the glyconjugates on the two slides, the

Cy3 signals were recorded (see Fig6-5 a, b). Asveha Fig6-5 a) and b), the Cy3
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fluorescence intensities for the four glycoconjegatre comparable on each slide
(40000-5000 a.u. for Slifi&; 10000-13000 a.u. for Sli6®". After incubation with
Alexa647-labeled H1IN1, the Alexa647 signals wes® aécorded with respect to the

glycoconjugates

a BSA b casein
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Fig6-5 a) Mean fluorescence intensities at 532 nia.) of the Cy3-labeled glycoconjugates
G17, G 18, G 23 and G 24 immobilization on the B®ocking DNA chip; b) Mean
fluorescence intensities at 532 nm (a.u.) of the33dgbeled glycoconjugates G17, G 18, G 23
and G 24 immobilization on the casein blocking DNhip; A) Mean fluorescence intensities
(after correction) at 635 nm (a.u.) of the Alexa64abeled HIN1/PR8 after recognition with
glycoconjugates G17, G 18, G 23 and G 24 on the BMécking glycoarray; B) Mean
fluorescence intensities (after correction) at 68Bn (a.u.) of the Alexa647-labeled HIN1/PR8
after recognition with glycoconjugates G17, G 18, Z3 and G 24 on the casein blocking
glycoarray

. As shown in Fig6-5 A), on the SIi#f, which blocked by BSA, the Alexa647
signals observed for the two negative controls GAd G 23 were comparable with
those obtained from the positive controls G 18 @24 respectively ( ratio of G18 vs.
G17 wasl.05; ratio of G24 vs.G23 was 0.75). Sityilan the Slid&®"(see Fig6-5

B), which blocked by casein, the Alexa647 signattedted for the two positive
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controls G 18 and G 24 were almost the same asothsdrved for the negative
controls G 17 and G 23 respectively ( ratio of 68 G17 was 1.13; ratio of G24
vs.G23 was 1.1). According to the results, it appdaat the blocking method did not
have great effect in reducing the non-specific gasn.

b.2) Investigate the effect of the Alexa 647 —lalgadlegree of the virus.

Immobilization of Glycoconjugates Recognition with H1N1
{L' @ @ @ © R ® ® @ @
G17 2.l 6 0 @ @ 2009—-2.] ® ® ® ® }G17
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a b

Fig6-6 Sketch map for test Alexa647-labeled amoueifect. a) Fabricate glycoarray by
immobilization of G17 and G18. b) Recognition of GBland G18 with two Alexa647-labeled

amounts of HIN1/PR8 (g and 2Q:q).

In this part of work, in order to study the effeftAlexa 647-labeling degree for
activities of the virus on the DDI glycoarray, twtycoconjugates G17 bearing two
B-lactose residues and G18 bearing two Neu5&@,(6) Lactose moieties (see
Table6-1) were tested with respect to the HIN1/R®#B two Alexa647-labeled
amounts hg and 2Qg. G 17 and G 18 were expected to be negative asiiye
control respectively. The tests were performed mn-Ehip approach”. After
immobilization of G17 and G18 (see Fig6-6 a), ammwobilization control was
performed by measuring the Cy3 fluorescence intiessi The Cy3 fluorescence
intensities were determined as the average mearil@y@scence signal of four spots

per line. The results (see Fig6-7 a) showed that dlierage Cy3 fluorescence
intensities for G 17 and G 18 were quite simila246@-34000 a.u.), indicating

identical glycoconjugates immobilization densityieh every two lines of microwells,
where G17 or G18 were immobilized, were incubatétd H1IN1/PR8 virus labeled
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with two different Alexa 647 amounts (5 and 29 in line 1 and 2 respectively) (see
Fig6-6 b).

After incubated with HIN1, the Alexa647 signals eveecorded (see Fig6-7 b).
At 5ug Alexa647-labeled amounts, the Alexa647 signaksinbd for the negative
control G 17 (~ 400 a.u.) were higher than thatenetpected (see Fig6-4 b, G17 1),
which demonstrated that there were some non-spexiorptions of the virus; while
for the positive control G18, relatively weak bigrsficant increase of signals were
observed (~ 560 a.u.), which was higher than teéeaed for G17. It indicated that
besides the non-specific adsorption, there werekvepacific interactions between
G18 and virus. With the increasing of the Alexatdiieled amounts frompg to
20ug (increased 4 times), the Alexa647 signals obthfoethe negative control G 17
(see Fig6-7 b, G17 1, 2) were also increased bytadhdimes (~ 1500 a.u.), which
indicated that the increase signal may only betedldo the increased degree of
labeling., The Alexa647 signals obtained for thd&(see Fig6-7 b, G18 1, 2) were
only increased about 2 times (~1100 a.u.) comparedl18 5 pg labeled virus, and
were almost at the same level as that observe®1ar (see Fig6-7 b, G17 2 , G18
2), ). It may well be that increased Alexa647 amsunduced the lost of specific
interaction with G18 resulting to only non-specifidsorptions similarly to G17.
Normally, the label target of Alexa647 is the pnageon the virus surface, the lectin
HA thereby is one of the target for Alexa647. Therenquantity of Alexa647 is used,
the more activity of HA might be limited. In semia) a ratio between 2 xi@nd
5x10° of pg of Alexa/ TCIR, were used, and here we found that a ratio of 2x10
Alexa/ TCIDsg already impair the activities of HA present on slueface of the virus.

In summary, it appeared that compared with the drighlexa 647 —labeling
degree (20g) of influenza virus, bg Alexa647-labeled amounts of the virus was
more suitable to do the study of the glycoconjugfatéluenza virus interactions on

DDI glycoarray (5 x18° Alexa/ TCID).
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Fig6-7 a) Mean fluorescence intensities at 532 nay.) of the Cy3-labeled glycoconjugates
immobilization on the DNA chip. b) Mean fluoresceadntensities (after correction) at 635 nm
(a.u.) of the Alexa647-labeled HIN1/PR8 of two Ai®47-labeled amountsggy and 2Gkg after

recognition with Molecule 2.

b.3) Compare the affinites of fresh Alexa647-ladel virus and

Alexa647-labeled virus stored at -20°C towardseiseptor

Immobilization of Glycoconjugates Recognition with H1N1
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Fig6-8 Sketch map for test Alexa647-labeled amouetfect. a) Fabricate glycoarray by
immobilization of Molecule 2. b) Recognition of Metule 2 with Alexa647-labeled HIN1/PR8
stored at 4C or -20C.

In this section, an assay was designed to testhehéte Alexa647-labeled virus
stored at 4 or -20C will affect activities of the virus and the ingéetions of
glycoconjugates/influenza virus (see Fig6-8) on @coarray. As the section above
(section c), herein the two glycoconjugates G Egétive control) and G 18 (positive
control) were also tested by “on-chip approach’teAfimmobilization of G17 and

G18 (see Fig6-8 a), the Cy3 fluorescence intessitiere recorded (see Fig6-9 a). The
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results showed in Fig6-9 a) displayed a homogeneonomsbilization of G 17 and G
18 (~ 20000 -25000 a.u.).

After incubation with the virus (see Fig6-8 b), tiAdexa647 fluorescence
intensities were recorded and shown in Fig6-9 belMB 17 and G 18 were incubated
with the fresh Alexa647-labeled virus (stored @@)4the Alexa647 signals obtained
for the two glycoconjugates G 17 and G 18 had Hmestrend as that observed in
section a) (See Fig 6-7 b, G 17 1 and G 18 1):tivelg higher non-specific
adsorptions were detected for the negative co@dd (~420 a.u., See Fig 6-9 b, G
17 1). However, the Alexa647 signals obtained F& positive control G 18 were
slightly higher than that observed for G 17 (~610.,a8See Fig 6-9 b, G 18 1). After
storage of the labeled virus at -20 °C, incubabbthe two glycoconjugates leads to
Alexa647 signals for the two glycoconjugates wdteatabackground level (~50-70
a.u.)

A test for the determination of the viral HA titweas also carried out by our
co-workers at the same time, a sharp decline oHAeitre were observed for the
freezed Alexa647-labeled virus in comparison witl fresh Alexa647-labeled virus,
which indicated the activity of the virus were atgeatly decreased.

These results clearly demonstrated that only thehfiAlexa647-labeled influenza
virus could be used for the investigation of thgcgtonjugates/virus interactions on

DDI glycoarray.
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Fig6-9 a) Mean fluorescence intensities at 532 n@m.|.) of the Cy3-labeled glycoconjugate
Molecule 2 immobilization on the DNA chip. b) Medtuorescence intensities (after correction)
at 635 nm (a.u.) of the Alexa647-labeled HIN1/PR®red at 4C or -20C after recognition
with Molecule 2.
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6.4 Conclusions

In this chapter, we tried to apply DDI glycoarray ihvestigate interactions of
two influenza viruses HIN1/PR8 and H3N2/Moscow vghcoconjugates. As noted
before, the biological relevance of the binding gesses of the whole influenza
viruses with glycoconjugates are far more than tstded and more complicated than
lectin/glycoconjugates interactiond7@). Although the optimal platform and protocol
based on DDI glycoarrays for profiling influenzauses/glycoconjugates interactions
have not yet been established, the preliminaryissustill provided some interesting
results. Firstly non-specific adsorptions of infilaa virus were observed on the DDI
glycoarray for both of the two DDI strategies (“ohip” approach or by “in-solution”
approach). In order to find out ways to reduce thn-specific adsorption,
comparison tests of two blocking methods (BSA aaset blocking method) were
performed. The results demonstrated that the &theraf the blocking method was
unhelpful in increasing the signal/noise ratio. Weo found that with the increasing
of the Alexa647-labelling degree of the virus, #uotivity of the HA on the surface of
the virus decreased and further impacted the #affiof the virus towards the
glycoconjugate on the glycoarray. Moreover, venakveinding signal was obtained
from the freezed Alexa647-labeled virus in comparis with the fresh
Alexa647-labeled virus on the DDI glycoarray. Altlgh these primary results
showed promising in the construction of an ideatfpkfm of DDI glycoarray for the
investigation of influenza virus/ glycoconjugateseractions, great efforts still need
to be made in fully solving the non-specific adsimmp problem, indeed the
non-specific adsorption of influenza virus wereoalietected for the spots where only
SsDNA or dsDNA were printed, which might be one tbe reasons for the

non-specific adsorption of influenza virus on DDy}aparray.
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CONCLUSION

In this thesis, the validation and development d&fAadirected immobilization
(DDI) glycoarrays and miniaturized analytical bissms for quantitative and
simultaneous analysis of various synthetic glycpugaies are described. In addition,
some preliminary studies regarding the bindinguess of influenza viruses on DDI
glycoarrays were also reported. The validation aedelopment comprised the
elaboration of miniaturized microsystems, optimmat of the immobilization
parameters (including glycoconjugates concentrattoice of DNA sequences ...)
as well as the development of a semi-quantitatast {IGg and of recognition
protcols.

The carbohydrate immobilization strategies are oéay importance for the
efficiency of a glycoarray. Two carbohydrate imniaation methods, DDI and direct
covalent grafting, were compared on the boros#éicgdass slide. At 0.5uM, DDI led
to a stronger fluorescence signal (by a factor.8) 4nd to a lower detection limit
(20nM) than covalent immobilisation (higher thanO8M), indicating that the DDI
carbohydrate immobilization is more efficient innggarison with covalent grafting
methods.

Two kinds of microsystems were developed and mekipests were successfully
performed in one single microwell. For proof of cept, the first miniaturized
biosystem (Mb I, in abbr.) was fabricated to inigete two lectin/glycoconjugate
specific recognition models by “in-solution” appoba Two kinds of
lectin/glycoconjugate complexes were well addressedo the right spots on the
surface of Mb | thanks to the specificity of DNA/BMNybridization. On the basis of
validation of the “in-solution” approach in Mb I,developed miniaturized biosystem
(Mb 11, in abbr) was set up, which allowed the tare of eight different
glycoconjugates or glycoconjugate/lectin complexesbe sorted and captured by
hybridization with the complementary DNA sequengssted on the surface of Mb Il
Moreover, a quantitative assay for the determimatmf 1Cso values of five
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glycoconjugates was simultaneous performed on Mb Il

The affinities of galactose clusters with differemtltivalencies (1, 3, 4, 8 and 10),
spatial arrangements (Comb-like, crown geometry ami@nna), charged (negative,
neutral or positive) and different linkers weretégisfor their binding affinities with
respect to RCA120 and PA-IL lectins using directofescent scanning and siC
assays. The results demonstrated that the Comlirlikaent cluster was displayed
the most efficient binding to the two lectins amafighe galactose clusters.

For RCA 120, a cluster effect was observed with ledike structures bearing
linker DMCH: a 23 times increase in potency peragtise residue was observed
from trivalent cluster to monovalent cluster. At @k (near the pl of RCA 120), no
effect of the charge of the glycocluster was observ

PA-IL preferred comb-like structures. The bindingsmvenhanced by a positive
charge on the glycomimetic structure. On the contta RCA 120, PA-IL showed no
affinity for crown structures. 15 assays suggested that overall the affinity of PA-I
for the different galactosyl structures tested was or two order of magnitude lower
than the one observed with RCA 120.

Surprisingly, we obtained different results betw#®s “on-chip” and “in-solution
approach”. For the “in-solution” approach, the laghaffinity was observed for the
four galactose residues with DMCH linker in conkelstructure (G10).

Initial attempts were undertaken to apply DDI glgaay for the study of the
interactions of two influenza viruses H1N1/PR8 amtBN2/Moscow with
glycoconjugates. The preliminary studies showed bwih the fluorescent labeled
guantity of the influenza viruses and the storagghads of the labeled viruses can
affect the binding affinities with the glycoconjuga. Furthermore only weak
interactions were observed. More efforts still néedbe done for minimizing the
non-specific adsorption and increasing the affasittowards the glycoconjugates in
order to increase the Signal/Noise ratios.

In summary the studies described in this thesige hdemonstrated that DDI
carbohydrate immobilization is more efficient thdahe covalent grafting for
glycoarray fabrication. The DDI glycoarrays and iaiarized DDI biosystems were
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very powerful, sensitive and high throughput tdolsprofiling glycoconjugate/lectin

interactions and for quantitative analysis (deteation of IGy values) of the

affinities glycoconjugates/lectins interactions. tiilugh an ideal platform and
protocol based on DDI glycoarray for investigatitige glycoconjugates/influenza
viruses interactions are not yet established, thelinpinary results still look

promising.

In perspectives of this work, we must notice thegt biosystems were validated
with 8 different glycomimetics, but it is evidemat these systems could be improved
by increasing the number of parallel analysis. duld require a larger set of DNA
sequences able to hybridize with their respecttmmpiementary sequences with an
equivalent hybridization yields. During this worke used a detection based on the
fluorescent labeling. The same concept of miniaadiDDI biosystems could also be
adapted with others type of transduction (opticlSarrface Plasmon Resonance —
SPR- or electronics as impedances, or mechanicesaaslever) for reading the
interactions without labeling. Two main parametéhg Limit of Detection (LOD)
and linear range, depend both on transducer andctmsidered biochemical
interactions. These two parameters may need toeberrdined for each potential
biosensor. For example, based on fluorescence taeteCy5 labeling) and DDI
glycoarray, a LOD in the 2-20nM range and a linearge of 0.02uM to 2uM (semi
loge scale) were observed for RCA120. Integratidntransducer systems in
miniaturized biosystems for a sensitive, specifid @irect detection will be future

challenges.
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ANNEXE 2

1 Synthesis of glycoconjugates 1, 2 and 3

J Repeated (n-1) times

(o]
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! +

o
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oumo ™o Q) mures OO T T oBlommo-@
- yos
) o H
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O O T
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| =2 o,
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Automated oligonucleotide Coupling of /O/_ HN
synthesis Cy3-phosphoramidit Deprotection
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phosphaoramidite chemistry NH,OH

——(Jn
NN
HOY.:&LONL
HQ _-OH HO-, OH v a Mann=3
HOS\‘;E&,WO = HD&&/O;& H%‘é&% v b Gal, n=1
< OH Oy VI, Gal, n=3

B-Galactose o-Mannose

Schemel. General synthetic scheme for the preparati of glycoconjugates 1-3;

TCA=trichloroacetic acid, Piv=pivaloyl, adapted fmo(1)

The synthesis processes of glycoconjugates 1, 23afse Chapter 2, Fig2-1)
were reported by Chevolot et al).( Glycoconjugates 1, 2 and 3 were synthesized
according to Scheme 1. In brief, starting from ¢b&d support I, The dimethoxytrityl
(DMTr) group was removed and then either one oeeht-phosphonate monoester
building blocks Il were introduced, to afford dest lll, and IlL. Amidative
oxidation of the H-phosphonate by carbon tetradtidorin the presence of
propargylamine led to mono- and triynes, l&hd I\, which were then conjugated
with the galactose azide derivativg Wy means of microwave-assisted 1, 3-dipolar

cycloaddition, affording solid-supported conjugatédl, and VL (2). The
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corresponding trimannoside derivative ;Viwas synthesized from .V The
oligonucleotide was then synthesized and labeleatl thie fluorescent residue Cy3.
Chimeric 5-Cy3-3’-oligosaccharide oligonucleotide¥Il,, VI, and Vik
(corresponding to Glycoconjugate 1, 2 and 3) weéraioed after deprotection by
treatment with agueous ammonia. Each conjugatepwaged by preparative HPLC

and characterized by MALDI-TOF mass spectrometry.

2 Synthesis of glycoconjugates 4 and 5
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Scheme?2. Synthesis of 5-amino glycoconjugates 4l & TCA= trichloroacetic acid, Piv =

pivaloyl, CDI = carbonyl diimidazole, adapted fro(8).

The synthesis procedures of Amino-functionalisegc@tonjugates 4 and 5 (see

184



Chapter 2, Fig2-1) were referred 8).(Glycoconjugates 4 and 5 were synthesized
according to Scheme 2. Starting from 1, 3-propasiesh solid support, according to
standard H-phosphonate chemistry, three H-phosphomaonoesters of 1,
4-dimethanolcyclohexane were introduced. Amidativxidation by carbon
tetrachloride in the presence of propargylaminettethe scaffold with three alkyne
functions. Cu (l)-catalyzed alkyne-azide 1, 3-dgvotycloaddition was performed
between 1-azido-3, 6-dioxaoct-8-yl 2, 3, 4, 6-téracetyl-3-D-galactopyranoside) (
and solid-supported tris-alkyne constructs using@Q4 and sodium ascorbate under
microwave assistance2)( The resulting trisgalactosylated compound wasnth
elongated with a thymidine as a UV tag or with 1&laotides using phosphoramidite
chemistry on a DNA synthesizer. After elongationreatment with
carbonyldiimidazole for 15 h at room temperaturd #ren with 3-azido-propylamine
for 20 h at room temperature followed by deprotectivith concentrated ammonia
afforded the 5’-azido-functionalised tris-galactasgd glycomimetics in solution. A
final treatment with tris (2-carboxyethyl) phospdin(TCEP) vyielded the

corresponding 5’-amino glycoconjugates 4 and 5.

3 Synthesis of glycoconjugates 6 and 7

3.1 Synthesis of C-galactosyl calix[4]arene clusters

The synthesis processes of two kinds of calix[4]lareased glycoclusters was
reported by Moni et al, briefly (see Scheme3), the starting known conmolo(®)
tetraallyl- calix[4]arene 1 was monoglycosylated togatment with commercially
available a-d-mannofuranose diacetonide (2, 1.ivequnder Mitsunobu conditions
(6), and the three residual hydroxyl groups were thretected as O-propyl ethers to
give compound 3, then the multiple hydroboraticdation of the four allyl groups
at the upper rim of 3 was readily carried out teegthe tetrol 4. Subsequent
transformation by azidation with diphenylphosphotide and sodium azide,
followed by removal of the mannofuranose fragmentabidic hydrolysis, afforded

the tetraazide 5. The tetraazidated calixareneabkisy intermediate, as the two new
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calix[4]arene-based glycoclusters were all synt#teskifrom the compound 5 but in
different synthesis processes. For the glycodlulie the free hydroxy group of 5
was alkylated with the short N-Boc ethylamino chirgive 6, Click chemistry(-9)
was then carried out on the tetraazide 6 by inwodythe known 10) ethynyl
tetra-O-acetyl-b-d-C-galactopyranoside 7, the N-Bomup of resulting compound 8
was removed under acidic conditions, followed bgiazotransfer reactionl{) to
convert the amino function inthe azido group, afforded 9. Finally, after treatine

with ammonia in  methanol, the compound 9 was cdeder

HO Ho OH OH
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Scheme3. Synthesis of calix[4]arene-based glycads10 and 15, adapted from (4)

into the target calix[4]arene 1, which featuresngle azido group at its lower rim and
carbohydrate residues at its upper rim. For theaglster 15, bearing a long tether
holding the azido group at the lower rim, the t@tide 5 was derivatized as the ethyl

ester 11, Click chemistry7{9) was then performed to get glycocluster 12.
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Transesterification of 12, followed by basic hygsis, afforded compound 13.
Finally, 14 was converted into the glycocluster 15by

N-(3-dimethylaminopropyl)-N’-ethyl-carbodiimide-aecated (EDC-activated) amidic
coupling @2) of the free carboxylic group with the commergiabailable 11-azido-3,

6, 9-trioxaundecan-1-amine 14.

3.2 Synthesis  of calixarene  glycocluster-ssDNA

conjugates 6 and 7

Oligonucleotides were prepared with a DNA synthaesizoy standard
phosphoramidite chemistryld) on CPG (controlled pore glass) solid support, a
porous borosilicate material frequently used for ADNynthesis. Two different
solid-supported materials, 164) and 1715) (see Scheme4.), featuring one and two
alkyne residues, respectively, were used for tmeh&gis of oligonucleotides 18 and
19; each displayed the same sequence (CTG CCT CBGE TGCA)(1) and was
labelled on the 5’ end with the fluorescent dye CyBatment of 18 and 19 with
concentrated aqueous ammonia released the oligaotides from the solid support
and removed the protecting groups (that is, b-cgtmd, benzoyl, and isobutyryl).
The oligonucleotides 20 and 21 were isolated, tlpeirities were established by
analytical HPLC, and they were characterized by AT OF mass spectrometry.
Because the alkyne-functionalized oligonucleoti@®sand 21 were water-soluble
compounds, we set out to carry out their couplinghwhe azide-functionalized
glycoclusters 10 and 15, respectively, in watengi€€uSO4 and sodium ascorbate as
the source of copper(l). Both reactions were peréat under microwave irradiation
(2) conditions in order to achieve high reactiotesaand therefore to avoid some
phosphodiester hydrolysis due to the presence gpeargl) ion.l6) The crude
products from the click reactions were purified Ipyeparative HPLC and
characterized by MALDI-TOF mass spectrometry tceditve final glycoconjugates 6
and 7 (see Chapter 2, Fig2-1).

187



o LA
0 I
DMTr-0 ONN/MO s oy3-0-P o$»0 Po N Q) N H0
H
0

CneO CneO 15

16 R=H 18 R=H
17 R=0CH,C=CH 19 R=0CH,C=CH
oH
o, O HO\'y o
oK o (d HO
Ho OH n%]yo” HOLNC R L o~ OH
N
Mo Con /o s oMy NN Y
Ho, o wle  Ho OH Wt
o
. HoN Moy /Num.‘\ NGO N J /\ //
" QF \LN N,N N NJ CuSO,, Na Asc. \ > /
ﬁ 8 (a > < \' ) ﬁ ( H,0,MW, 1h W
cy3—0-P o\f»O*P o OH o¥d
0 ¢ + QY 5
| o 06 \A )
15 oo o [
5 V
¢ H o/t
»
[0]
N 1181 0C,
10 Cy3-0—P—0 [~O—PT0 OH
5l . 2
0o 06,

2 OH

. N ¥
HCCHZCO 0 LY
g X, ot
cya- o P oJ—o P10
!

s C=CH

o

HO_~_N=
{

(+)
Cy3= §1(\”N4/\

DNA 5-CTG CCT CTG GGC TCA-3'

IR %
| & |
(o o " Glycoconjugate 7

Scheme4. Synthesis of calixarene glycocluster-ssDN#njugates Glycoconjugate 6 and

glycoconjugate 7, adapted from (4).

4 Synthesis of glycoconjugate 8

Glycoconjugate 8 (see Chapter 2, Fig2-1) was swgitbd as described for the
synthesis of Glycoconjugates 1-3, but in this cése alkyne functions were
introduced by using a dialkyne phosphoramidite vadgive (14, 17. Thus, starting
from universal solid supported propane-1, 3-didVe fdialkyne phosphoramidite
derivatives were incorporated by phosphoramiditenabktry. The introduction of the
ten galactose residues was performed by microwasistad click chemistry, and then
the oligonucleotide was synthesized and labelet witCy3 phosphoramidite. The
desired glycoconjugate 8 was obtained after ammdngatment and HPLC

purification.
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5 Synthesis of glycoconjugate 9
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a) Automated cligonucleotide synthesis

b) Coupling of Cys-phosphoramidite

NH,OH

Schemeb. Synthesis of glycoconjugate 9, adaptenh({td)

Glycoconjugates 9 (see Chapter 2, Fig2-1) werehggited according to Scheme
5. Starting from the bis-propargyl solid supporbis-propargyl phosphoramidite Il

and commercially-available cytidine phosphoramiditere added to afford the
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solid-supported tetra-propargyl scaffold I1ll. Andhet the solid-supported
tetra-propargyl scaffold 11l were added protecte@,@3, 4- tri acetyl fucosyl azide IV
, CuS0O4, freshly prepared sodium ascorbate, anerwEte resulting preparation was
treated in a sealed tube with microwave synthesiigator from Biotage, set at 60°C
and 100 W for 30 min with a 30 s premixing timeaffitord 5. After oligonucleotide
elongation, deprotection and purification, 5'-CylBgOnucleotide 3'-tetrafucose VII

was finally obtained.
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ANNEXE 3

1. Cross-hybridization tests molecule 1-7
as well as molecule 8 under “on-chip”
condition (see Figl)

After the Cross-hybridization tests of the severlatules (molecule 1-7) on the
DNA anchoring platform of Mbll described in chaptgera cross-hybridization assay
of molecule 1-7 plus molecule 8 were performed area DNA anchoring platform
of Mbll of which Sequence 8 instead of Sequence &bk wleposited into each
microwell (see Figl). Molecule 8 is correspondirggy Glycoconjugate 16 (see
Chapter2 Fig2-1). The objectives are to confirmwhether cross-hybridization will
occur or not after Molecule 8 added into the Mbitl&) whether Molecule 1-7 will

cross-hybridize with the Sequence 8 printed onnin@ DNA anchoring platform of

Mbll.
ooono
. oooo
* Sequence

. .‘)'e-l;ue-nrei sescence good
. ceeiisce ooono
e Sequence 3 ::: : >D ooo
. - cee . oooo
& Sequences ::: e |: oooo

® Sequence O
. 59311911139 7 l oooo
agooo
ogooao

Figl Sketch map of new DNA anchoring platform of Mix Sequence 1-8 were printed on the
bottom of each microwell resulting in one column dreight spots for each sequence, 64 spots in

all.

We adopted the same strategies as mentioned inechapunder Condition 1-8

(see Fig2) only one of the eight molecules (1uMalficoncentration) was added into
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the corresponding microwell, accompanied by sevanptementary sequences. For
Condition I, all eight molecules (Molecule 1-8) {uper glycoconjugate, final
concentration) were mixed together and added iath enicrowell. After incubation,
the slide was scanned and analyzed.

According to the mean fluorescence intensities medurom the eight conditions
(Condition 1-8), the ratios of fluorescence intgnsof specific vs. non-specific
hybridization of the eight molecules were calcudatéend summarized in Tablel. As
discussed above, there were no cross-hybridizatoetected for six molecules
(molecule 1-6) with the seven sequences (Sequefi¢eattDNA anchoring platform
a). In this section, the ratios for molecule 1- @rev about 1D (see Tablel),
demonstrating that the six molecules had no crbgbridizations not only with
Sequence 1-7, but also with Sequence 8. In additoyss-hybridization was also
found for Molecule 7 which cross-hybridized withgBence 6 in a ratio of 1.9. For

Molecule 8, no cross-hybridization was observedh(\airatio of 84).

"On-chip” approach

DNA Hybridization oooo
. . . OOmo
o .‘;equence ' —te [yI0lecule 1/ Cseql PT—
® Sequence 2 Molecule 2/ Cseq 2
1 - sescso e B
# Sequence 3 ———— ©olecule 3/ Cseq 3 ::: :: :
—_— asd kb D D D
asec B0 ae
e Sequences — Molecule 5/ Cseq 5 [ IIXNTRT oooo
. B aed b ae D D D D
® Sequence 0 ———de——— Nolecule 6/Cseqd |
® Sequence 7 ———— ©glecule 7/ Cseq 7 l oooo
—_— oooo
ogooo

Fig2 Sketch map of cross-hybridization assay of hdigmolecules (molecule 1-8) under
“on-chip” glycoconjugate hybridization condition othe DNA anchoring platform b) at 1puM.
»  Condition 1-8: At 1uM, in each microwell, incubatio  n of one of the eight molecules (molecule
1-8) with other seven Cseq (complementary sequences ) except its corresponding
complementary sequences. e.g.: for condition 1, inc ubation molecule 1 with Cseg2-Cseq8

except Cseql; for condition2, incubation molecule 2 with Cseql, and Cseq3-Cseq8 except
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Cseq2.

» Condition I: At 1uM, in each microwell, incubatio  n of all eight molecules (molecule 1-8).

Ratio of fluorescence intensity of specific vs. nespecific hybridization
for Condition 1-8 at 1uM

Molecule 1 274
Molecule 2 230
Molecule 3 114
Molecule 4 127
Molecule 5 301
Molecule 6 269
Molecule 7 1.9
Molecule 8 84

Tablel Ratio of fluorescence intensity of specifics. non-specific hybridization of eight
molecules for Conditionl to Condition 8, after cresybridization test under “on-chip”

glycoconjugate hybridization condition on Mbll.

2.Cross-hybridization tests of molecule 1-
7 as well as Molecule 8 under
“In-solution” condition

Based on the same strategies, cross-hybridizaésts twere also preceded on
DNA platform b) for all eight molecules (see FigBhe results (see Table 2) indicated
that there were no cross-hybridizations for mosthaf eight molecules with ratios
around 10, except Molecule 7 for which the fluossse intensities of specific

hybridization only 1.2 times higher than non-spedifybridization.
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"In-solution” approach

DNA Hybridization &
E
s 1 ———— Molecule 1/ Cseql

* Sequence _ q III III m III
® Sequence 2 — Molecule 2/ Cseq 2 ::: :: : oooo

e Sequence 3 ———— Molecule 3/ Cseq 3 ::: :: :
—_— asdb adoe D D D

asdbadboe
e Sequence S ——t—— Nholecule 5/ Cseq 5 (LI N L XY ] oooao
asdib aboe D D D D

® Sequence § =———pe—— K]olecule 6/ Cseq o |

® Sequence 7 ———t—— Nolecule 7/ Cseq 7 l oooo
_ oooo
oooo

Fig3 Sketch map of cross-hybridization assay of tdgigmolecules (molecule 1-8) under
“in-solution” glycoconjugate hybridization conditin on the Mbll. Each of the eight sequences
(sequencel-8) was expected to only hybridize wihcorresponding molecule (moleculel-8) or
complementary sequences (Cseql-Cseq8).
»  Condition 1-8: At 1uM, in each microwell, incubatio  n of one of the eight molecules (molecule
1-8) with other seven Cseq (complementary sequences ) except its corresponding
complementary sequences. e.g.: for condition 1, inc ubation molecule 1 with Cseg2-Cseq8

except Cseql; for condition2, incubation molecule 2 with Cseql, and Cseq3-Cseq8 except

Cseq2.
» Condition I: At 1uM, in each microwell, incubatio  n of all eight molecules (molecule 1-8).
Ratio of fluorescence intensity of specific vs. nespecific hybridization
for “in-solution” Condition 1-8 at 1uM

Molecule 1 9

Molecule 2 9,4

Molecule 3 26

Molecule 4 18

Molecule 5 45

Molecule 6 32

Molecule 7 1.2

Molecule 8 23

Table2 Ratio of fluorescence intensity of specific. non-specific hybridization of seven
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molecules for Conditionl to Condition 8, after cre$ybridization test under “in-solution”

glycoconjugate hybridization condition on MbllI.

3.Study of binding  affinities  of
glycoconjugates towards PA-IL

We then studied the affinities of all the 9 glycopmates (3Man, 3Gal as well as
Molecule 2-8, see Table3) with PA-IL on DNA anchmgyiplatform b) of Mbll by
“in-solution” approach. As shown in the sketch n@pthe experiment (see Fig4),
3Man or 3Gal was mixed with Molecule 2-8 and indebdavith PA-IL in Condition 1
and Condition 2 respectively. The goal of this mdirtvork was 1) to do a repetition of
the binding studies of Moleculel (3Man) - Molecuieith PA-IL on platform b using
“in-solution” method; 2) to test the binding affiniof Molecule 8 towards PA-IL; 3)
to make a comparison of the binding affinitiestod ¥ new tetra-galactosyl molecules
(Molecule 2-8) with 3Gal bearing three galactosedes towards PA-IL.

The results observed in Fig5 exhibited a good trepe for Moleculel-7 in
comparison with the results shown in chapter 5 2@5The results also shown that
the signals obtained for Molecule 8 were very lagmonstrating no significant
binding affinity with PA-IL. In addition, as far abe 3Gal was concerned, although
the 7 new molecules (Molecule 2-8) all contain om&re galactose residue compare
to 3Gal, they did not show enhanced affinities talgaPA-IL, except Molecule 4 and
Molecule 5. In other words, the multivalency anduster effect” were only
represented by Molecule 4 and Molecule 5 vs. 3@wse results provide further
evidence to previous judgments that the spatigdngement is a more important

binding infector than the number of the saccharesdedue.
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Namé? of - Sacch aride Charge  Linker® Spatial
glycoconjugate Alias residue (Number) arrangeme
(Number) nt
Gl 3Man /Molecule 1 Mannose (3) 0 Linker1  Conkeli
G3 3Gal Galactose (3) 0 Linker1  Comb-like
G1 Molecule 2 Galactose (4) -(3) Linker2  Conde-l
G12 Molecule 3 Galactose (4) 0 Linker2  Comb-like
G 13 Molecule4 Galactose (4) +(3) Linker2  Conkeli
G 10 Molecule 5 Galactose (4) 0 Linker1  Comb-like
G114 Molecule 6 Galactose (4) - (D) Linker 3 Antann
G 15 Molecule 7 Galactose (4) + (1) Linker 3 Antann
G 16 Molecule 8 Galactose (4) 0 Linker 3 Antenna

Table3 Main characters of glycoconjugates (3Gal akfblecule 1-7)

[a] Name of glycoconjugate designated in Chapter 2

[b] Name of glycoconjugate designated in this Chapt er

[c] Linkage between every two phosphodiesters of th

Linker 1, Linker 2 and Linker 3 correspond to 1, 4-

Trishydroxymethylethane and Pentaerythritol.

"In-solution” appoach

Condition 1 —

Condition 2 —r‘

& Sequence 1
® Sequence 2
e Sequence 3

& Sequences

+ PA-IL| —
+ PAIL| —
DNA Hybridization
L1 L N S XY
—_— Molecule 2 -
! asdoadboe
MMolecule 3 08808008
asd b bdboe
asenetas
= L1 1l Ny XY
Molecule = it
e I[0leCUIle B |

® Sequence § e
———t—— Molecule 7
—_y

& Sequence 7

cyclohexanedimethanol

(see Fig2-1 and Table2-1)

e structure of the glycoconjugates(206).

(DMCHY;

oooo
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oooo
oooo
gooo

ooo
oooo
oooo

Fig4 Sketch map of the determination of binding &fities of Molecule 2- Molecule 8 with
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3Man (Molecule 1) or 3Gal towards PA-IL on Mbll b§in-solution” method
»  Condition 1: Incubation of 3Man, Molecule 2- Molecu le 8 with PA-IL

»  Condition 2: Incubation of 3Gal, Molecule 2- Molecu le 8 with PA-IL

In-solution (Condition 1) In-solution (Condition 2)
s 60000 3 40000 |
s s
& 3 50000 [ 2 3 35000 |
2 o E=b
£ T 40000 g 3 30000 |
Ez £ £ 25000
3 g 30000 s & 20000 |
= 0
$ 5 20000 ¢ & 5 15000
e @
$ = 10000 |
5 5 10000 - £z
§ 5 0 § - 0 . . . . . . .
= LI e B B > 4 s w6 o & A
"ﬁ"b o&“ o\}‘g Oo‘g Oo\q oo\e oo\e Q&Q = ,.,Ob R R A
N F & & & & &
é\o QO Q\O *O éo éo éo D\VJ o\'?; O\‘?J g\?: O\‘Z; Q\z g\q‘
LU RN R R R R
Glycoconjugates(11M) Glycoconjugates(1pM)

Fig5 Mean fluorescence intensities obtained at 68d1fa.u.) of condition 1 and condition 2 for
PA-IL, after incubation with the molecules by “inedution” approach on Mbll.
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AFM
BOE
BSA
Cy3

Cy5
ConA
DDI

DI water
DMCH
ELISA
Flu
FRET
GBP(s)
HSQC

H or HA
HIV

ITC

M1

MS
MALDI-TOF-MS
N or NA
Neu5AC
NHS
NMR
NOE/STD
NOESY
NP

ABBREVIATIONS

Atomic Force Microscopy
Buffered Oxide Etchant
Bovine serum albumin
Cyanine 3
Cyanine 5
Concanavalin A
DNA-directed immobilization
Deionized water
1, 4-cyclohexanedimethanol
Enzyme-Linked Immunosorbent Assay
Influenza
Fluorescent Resonance Energy Transfer
glycan-binding protein(s)
Heteronuclear Single-Quantum Correlation
Hemagglutinin
Human Immunodeficiency Virus
Isothermal Titration Calorimetry
Matrix protein
Mass spectrometry
Matrix assisted laser desorption ionisation timelght mass
Neuraminidase or Sialidase
N-Acetylneuraminic acid
N-hydroxysuccinimide
Nuclear Magnetic Resonance
Nuclear Overhauser Effect/ Saturation Transferddghce
Nuclear Overhauser Effect Spectroscopy

Nucleoprotein
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PA-IIL Pseudomonas aeruginosectin |l

PA-IL Pseudomonas aeruginoectin |

PBS Phosphate-buffered saline

PFA Paraformaldehyde

pl Isoelectric point

RCA120 Ricinus communis agglutinin |

RF power Radio Frequency power

RUs Response or Resonance units

SDS Sodium Dodecyl Sulfate

SIvV Simian Immunodeficiency Virus

SPCELISA Sulfated polysaccharide-coating enzyme-linked imos@nbent
assay

SPR Surface Plasmon Resonance

SSC Sodium Saline Citrate

TCIDso Tissue culture infective dose 50

trNOESY Transferred rotating-frame Overhauser effect spsctpy

WGA Wheat gernagglutinin
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Résumé

La glycomique est la science qui s'intéresse tudé structurelle et fonctionnelle des saccharides,
également appelés hydrates de carbone (ou carlaibgiirLes saccharides (aussi appelés glycanes dans
ce cas) sont impliqués dans un tres grand nombéeeédéments biologiques « normaux » et/ou
pathologiques. Les relations entre la structuresatcharide et ses fonctions biologiques sont &adié
l'aide de techniques conventionnelles telles queristallographie, la RMN, I''TC, la plasmonique de
surface. Ces études sont longues et couteusest@ttreouvent limitées du fait de la trés granderdité

des structures saccharidiques et de la difficulgbt@nir des saccharides pures en quantité imgertan
Pour pallier ces difficultés, nous proposons d’aeiafa technologie biopuce qui permet d'effectuer u
nombre tres élevé d'études en parallele (High Tdinput Screening) avec des quantités réduites de
matériels biologiques ou biochimiques.

Cette thése vise donc le développement de pucesréss(ou glycoarray, carbohydrate array) avec deux
principales innovations : 1) l'utilisation commensi@s de glycomimétiques qui miment les hydrates de
carbone naturels mais dont la synthése est plée ai2) 'immobilisation des sondes glycomimétiques
sur la puce via I'hybridation d’ADN.

La synthése a facon des glycomimétiques permettehabdes sondes de structures et de nature
chimique diverses et offre la possibilité d'ajouperur chaque type de sondes une étiquette ADN pour
d’'une part immobiliser les glycomimétiques de memiérientée sur la puce par DDI (DNA Directed
Immobilisation) et d'autre part localiser et iddeti les glycomimétiques sur la puce. Ces
glycomimétiques ont été synthétisés par I'Instites Biomolécules Max Mousseron de Montpellier en
collaboration avec I'Institut de Chimie et Biochariloléculaire et Supramoléculaire de Lyon.

Une premiére partie de ce travail a été de validéaboration des puces a sucre puis d'augmenter le
capacités d'analyses des glycoarrays basés subllaFdur cela I'efficacité de 'immobilisation p&DI

a été comparée a une immobilisation covalente.rlssltats ont montré une reconnaissance supérieure
par la lectine RCA 120 de glycomimétiques immoBsispar DDI aux faibles concentrations en
glycomimétiques. La miniaturisation de la puce asisté a graver 40 microréacteurs sur un formaglam
de microscope. Chaque microréacteur formant une gdec64 plots différents, on peut ainsi réaliser 40
expériences indépendantes. Grace a ce type deagiags, des tests d'i¢ont permis d’obtenir des
données quantitatives de l'affinité des glycomimpééis/lectines en utilisant d’'infimes quantités de
matériels biologiques. D’autre part, nous avons at#ré la possibilité d’accélérer les études
d’interactions sucres/lectines en poolant simulteerdt 8 glycomimeétiques et 2 lectines.

La deuxieme partie de la these a été d'utiliserglgsoarrays pour étudier les paramétres struckurau
(distribution spatiale, nature chimique de la muoléc charge...) permettant d’'exacerber laffinité
lectines/glycomimétiques. Trois lectines ont étéites : RCA120 (lectine modéle d’origine végétale)
deux lectines PA-IL et PA-IIL facteurs de virulenge la bactéri€seudomonas aeruginastrois types
d’architectures de glycomimétiques (en peigne,réerme et en couronne) ainsi que I'effet de lagdar
portée (+, -, neutre) ont été étudiés. L'architexen peigne a clairement montré une affinité sepee
vis-a-vis des 2 lectines (PA-IL et PA-IIL) et PA-tharque une préférence pour les structures chargées
positivement. Soulignons que les interactions matentes sucres/lectines sont souvent faibles (mM).
L'utilisation de ligands multivalents avec une disjtion spatiale des résidus saccharidiques optimal
peut induire une affinité supérieure a la sommealtsités individuelles de chacun des résidusffgte
cluster »). Dans cette étude, les effets « clustent été mis en évidence. Enfin, les interactioinss
influenza/ glycomimétiques ont été abordées.

Mots clés

Glycobiologie, Microarray, puce ADN, chimie de sagé, interaction sucre/lectine, carbohydrate, DNA
immobilisation
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